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ABSTRACT 
Freshwater ecosystems and their associated landscape features found in developing cities and 
urban protected areas are essential components of urban social-ecological systems providing 
city residents with cultural, provisioning and regulating services, all of which hold value. 
Understanding these values requires overcoming conceptual and methodological challenges so 
that the multi-dimensional nature, relating to the varying values, benefits, and trade-offs are 
understood. Understanding values, benefits and trade-offs is essential for ensuring informed 
and effective management of these services and the landscapes that provide them. This requires 
the development of tools and methods to predict how changes in land-use and management 
practices might affect the provision of such services.  
This study contributes to both the methodological and empirical literature by developing 
integrated and multidisciplinary approaches to assessing the beneficiaries of freshwater 
ecosystem services in an urban context and recognising the ecological, social and economic 
values assigned to ecosystem services over multiple spatial and temporal scales. The aim of 
this thesis was to assess how beneficiaries, stakeholders and managers within a developing city 
context, recognise, value and manage the multiple diverse ecosystems services associated with 
freshwater ecosystems as provided by different landscape features originating in an urban 
protected area. This aim was achieved by establishing who the beneficiaries of freshwater 
ecosystem services are, uncovering the spatial and temporal relationships these beneficiaries 
have with landscape features, determining the nature of ecosystem service values, benefits, 
impacts and trade-offs as experienced by the different users, as well as analysing the 
management policies and practices associated with urban ES. Drawing on accumulated as well 
as existing data sets, newly developed methods and approaches were implemented in this study. 
This work was primarily undertaken in Table Mountain National Park and in Cape Town, South 
Africa. A comparative analysis of the perceptions of park managers toward ecosystem service 
governance and management was undertaken in Table Mountain National Park and in Tijuca 
National Park, in Rio de Janeiro, Brazil. 
Natural freshwater ecosystems (e.g. rivers), particularly when combined with built 
infrastructure (e.g. dams), provide highly valued features in landscapes, delivering multiple 
cultural services to city residents. Recreation, aesthetic and existence services were valued 
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highest by respondents. People who live closer to the park use, and benefit from, the park’s 
freshwater ecosystems more frequently than those living further away. Park visitors want ease 
of access in terms of distance to specific freshwater ecosystems, and then once there they want 
a diversity of activity options, such as recreation opportunities as well as places to reflect and 
meditate. The outcomes of the cultural-service study in this thesis have important management 
implications where insights gained can guide management to ensure equitable and sustainable 
ecosystem service provision to all city residents. To enhance the management of ecosystem 
services in urban protected areas, it is important to understand the level of inclusion of the 
ecosystem-service concept in park policy and daily practice. Although management 
perceptions correspond well with park policy, the concept of ecosystem services is still 
narrowly developed and needs to be better integrated into the management structures and 
activities of Table Mountain National Park and Tijuca National Park. Outcomes from this study 
show that management attention relating to fresh water is still primarily focussed on 
biodiversity conservation and maintaining system processes and functions. Implementing and 
enacting the ecosystem services concept largely still needs to happen within parks and urban 
interfaces. The lack of communication between managers and stakeholders of protected areas 
makes identifying the beneficiaries of fresh water and valuing ecosystem services difficult, 
especially when water and associated services flow outside of the park boundaries.  
 
An important component of this study was to determine the changes to ecosystem service 
provision as fresh water flows from a protected area into and across an urban landscape. A 
scoring system was developed to determine whether changes in land use along three case-study 
rivers in Cape Town, all of which originate in Table Mountain National Park, positively or 
negatively impact the provision of water-related ecosystem services. Changes in service 
provision, over time, were compared to changes in long-term water quality data to verify results 
from the scoring system. Generally, service levels increased over time along the upper river 
reaches, whereas the middle and lower reaches of the rivers showed overall declines. The 
changes to service provision influence the value that urban residents assign to rivers. Findings 
in this study suggest that the provision of cultural ecosystem services as well as the protection 
of biological diversity were the key factors considered by those living along the case study 
rivers as reasons for being willing to pay to protect rivers. Provisioning services were shown 
to be of less value, as were the economic contribution to property values based on river 
frontage.  
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This study supports the call for more innovative research to be undertaken in developing 
countries to break new ground and provide more comprehensive analyses to further our 
understanding of the values of urban ES. The challenge for environmental researchers in this 
context is to intensify efforts to understand the relationships between specific landscape 
elements and freshwater ecosystems and human perceptions, feelings and interpretations, and 
to express these relationships in ways that are useful for environmental policy and 
management.  
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CHAPTER 1.  INTRODUCTION 
 
1.1 Setting the scene 
This thesis is positioned in the research areas of ecosystem services (ES) and urban ecology 
where it explores the multifaceted elements and complexities of social-ecological systems 
(SES). The themes of this research and associated literature pertain to urban landscape features 
and elements, values of ES, social-ecological considerations, the use and development of tools, 
indicators and methods, as well as governance and management of urban systems and services. 
The thesis considers freshwater as an exemplar of provisioning, regulatory and cultural ES 
delivery in Table Mountain National Park (TMNP) and the city of Cape Town. The 
multidisciplinary nature of the study aims to articulate the diversity of values derived from 
water-related ES, evidenced through the social, economic, and ecological benefits and trade-
offs, and the institutional arrangements associated with the management of these services 
within this city.  
 
This work intends to contribute to the theory on the benefits and trade-offs derived from ES 
provision in an urban national park and developing city in four ways, namely by exploring the 
cultural uses and values of water-related ES; discovering how institutional arrangements 
influence decision making and management of water resources in a conservation area within a 
metropolitan area; identifying whether urban residents have social and economic motivations 
to ensure ES provision; and understanding how anthropogenic land uses impact on service 
provision. Although each chapter is quite distinct, they combine to inform the values, uses, 
impacts and management of ES and ES flows within both an urban national park and 
developing city and serve to contribute collectively to the growing field of ES research. This 
first chapter contextualises ES provision in a protected area located within an urban setting by 
touching on the most central literature, after which the aim and objectives of the study are 
presented, the thesis structure is outlined, and the research questions are posed to further define 
the work undertaken.  
 
1.1.1 Defining ecosystem services  
Ecosystem services are the benefits that humans derive from ecosystems, which directly or 
indirectly support their survival and quality of life (Braat & De Groot, 2012; De Groot et al., 
2010a). Publication of the Millennium Ecosystem Assessment (MA) in 2005 has led to 
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increasing international awareness of the importance of the services gained from the 
environment that benefit humans, and the need to recognise and value these services within 
policy and management contexts (Busch et al., 2012). The MA classified ES into four 
categories: provisioning (e.g. food, fresh water, fuel); regulating (e.g. water purification, 
climate regulation); cultural (e.g. recreation, spirituality); and supporting services needed for 
the production of all other ES (e.g. nutrient cycling, soil formation). Supporting and regulating 
services are often combined as their functions and processes are often interdependent. Several 
dedicated tools and applications have been created to develop a better understanding of ES 
provision (Sherrouse et al., 2011, 2014) as well as being used to establish and enhance key ES 
frameworks (e.g. the Common International Classification of Ecosystem Services (CICES), 
Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services (IPBES)) 
(Burkhard et al., 2014; Turnhout et al., 2012). 
 
In many ways ES research is not a new scientific endeavour, the ES concept having arisen in 
the late 1970s and early 1980s (De Groot, 1987; Ehrlich & Ehrlich, 1981; Gómez-Baggethun 
et al., 2010; Westman, 1977). These early studies marked the initial efforts to integrate the 
environment into social landscapes and global economies. However, it is only in the past 10 to 
15 years that research efforts regarding the benefits derived from ES have increased (Fisher et 
al., 2009; Primmer & Furman, 2012). These efforts have provided insights ensuring that ES 
research is scientifically robust and credible and that it conveys a clear message to decision 
makers (Burkhard et al., 2012; De Groot et al., 2010a, 2010b; Maes et al, 2012). These have 
led to a slow acceptance of new conceptions of development, resource management and 
ecological economics. There is now a considerable extant body of knowledge and literature on 
various aspects of ecosystem processes, interrelations and interdependencies between people 
and natural environments and the economics of ES (Braat & De Groot, 2012; Costanza et al., 
1997; Daniel et al., 2012; Fisher et al., 2009; Nahlik et al., 2012; Sherrouse et al., 2014). 
Although research on the relationships between biodiversity, ecosystem functioning and the 
provision of ES has increased substantially in recent years, a comprehensive picture of these 
relationships for all ecosystem services is wanting (Burkhard et al., 2014; Ring et al., 2010). 
 
To generate a more coherent understanding of the relationships ecosystem functioning and the 
provision of ES requires focussing on questions that reflect on the ontological and 
epistemological assumptions built into the construction of nature as a service provider. 
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Ontology and epistemology are terms that can be used to compare the philosophical 
background of different methodologies and allow us to make conscious methodological choices 
(Kelemen et al., 2016). We need to explore and legitimise appropriate methodological choices 
for articulating relationships between people and the environment and understanding the ways 
in which our collective relationships with the environment are construed and constructed 
(Christie et al., 2012; Sullivan, 2009). However, due to the unclear terminology and the 
heterogeneity of ES definitions and methods used within this field, greater transparency on the 
ethical aspects of the ES-valuation process is required, including the justification (ontological 
and epistemological background) of the methodological choices (Kelemen et al., 2016; Kenter 
et al., 2011). We should also consider more fundamental epistemological and ontological issues 
with valuation, including how current valuation methods tends to account for predominantly 
economic considerations, neglecting social or plural values (Christie et al., 2012) (see chapters 
2 and 4). 
 
Much of the ES research to date has emerged from discourses that have different ontological 
conceptions of nature and different axiological conceptions of the value relationships between 
nature and humans (Cooper et al., 2016; Robertson, 2004). This heterogeneity and uncertainty 
seems particularly pertinent to the valuation of ES where knowledge is often developing rapidly 
yet paradigms and methodologies are not always fully clarified (Dunlop, 2014). To counter this 
we need epistemic and ontological learning which takes place where knowledge is created and 
communicated through trans- and interdisciplinary research with the aim of directly increasing 
ES problem-solving and improving policy outcomes (Dunlop, 2014). The incorporation of 
participatory and deliberative approaches of trans- and interdisciplinary research into the ES-
research arena would suggest that ES articulation, measurement and valuation draws on the 
practices of natural and social scientists, though this brings additional challenges in bridging 
different disciplines (Christie et al., 2012). A further challenge, is that the relevant methods 
and frames often differ dramatically from those used to classify and quantify biophysical ES 
(e.g., water purification) and land-management paradigms, which have strongly shaped this 
field (Gould et al., 2014). These differences do not obstruct all analyses. Rather, they suggest 
a problem of method and call for novel, mixed and multiple methods (as developed and applied 
in this study) to be used in environmental management (Gould et al., 2014; Kumar & Kumar, 
2008; Satterfield et al., 2013; Tengberg et al., 2012).  
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A great deal of criticism has been levelled against the concept of ES (Haines-Young & 
Potschin, 2012; Nassl & Löffler, 2015; Schröter et al., 2014). The numerous definitions offered 
about what constitutes ES have generated much debate on the concept (Braat & De Groot, 
2012; Seppelt et al., 2012). The most recurring objections to the ES concept include its 
anthropocentric focus, the fear that it promotes an exploitative human–environment 
relationship, its focus on monetary valuation, and the commodification of nature (Fairhead et 
al., 2012; Gómez-Baggethun & Ruiz-Pérez, 2011; Sagoff, 2008). Some researchers have gone 
so far as to say that ES are too case-specific for applying a common classification system 
(Burkhard et al., 2012; Burkhard et al., 2014). Ultimately, many suggest that the ES concept is 
poorly defined, impractical and ambiguous (Nahlik et al. 2012; Seppelt et al. 2011). There is 
further concern that this is an evolving space with a shift away from the concept of ES toward 
a more inclusive concept of nature’s contributions to people (Pascual et al., 2017). 
 
Some consider that the ambiguity in the ES concept encourages transdisciplinary research and 
creativity (Schröter et al. 2014), from which diverse and novel methods have emerged to 
measure ES, ranging from simple scoring systems  and rapid assessments to complex field-
specific measurements (see chapters 2, 4 and 5). Some have noted that this high diversity of 
measures used for ES results in a lack of consistency and that many of these measures do not 
often succeed in quantifying ES (Saarikoski et al. 2015; Boerema et al., 2017). Yet it is difficult 
to find a comprehensive method or set of methods that can categorically measure or quantify 
ES provision and delivery. A further question is why we would look for such a method? 
Common flaws include the confusion between the quantification of stocks, flows and fluxes, 
or the use of oversimplified proxies (Eigenbrod et al., 2010). Other problems are related to the 
type of data used in ES studies, which may not always be appropriate for specific research 
questions (e.g. data from global-scale data bases, coarse mapping or data from the literature) 
or scale (de Groot et al., 2010a; Busch et al., 2012) or be incompatible or incommensurable 
between studies. Additionally, many studies do not distinguish between the potential and the 
actual supply of ES by an ecosystem (Van der Biest et al., 2014), and in many cases, researchers 
give no indication of uncertainty (Seppelt et al., 2011). In studies measuring more than one ES, 
both positive and negative interactions among these services are often not considered (Boerema 
et al., 2017; Raudsepp-Hearne et al., 2010; Seppelt et al., 2011). Despite these concerns and 
limitations, the ES field is making good progress in addressing many of the questions posed 
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and advancing our understandings of the complex interrelationships between people and the 
environment and the interaction among ES.  
 
Interactions among ES occur when multiple services respond to the same driver of change or 
when services interactions cause changes in one service to alter the provision of another 
(Bennett et al., 2009). Ecosystem service trade-offs arise when the provision of one service is 
enhanced at the cost of reducing the provision of another service, and ES synergies arise when 
multiple services are enhanced simultaneously (Raudsepp-Hearne et al., 2010). Both trade-offs 
and synergies can be managed to either reduce their associated costs to society or enhance 
landscape multifunctionality and net human wellbeing, respectively (Raudsepp-Hearne et al., 
2010; Rodriguez et al., 2006; Sachs & Reid, 2006). Often, trade-offs and synergies in services 
occur in ES bundles - sets of ES that repeatedly appear together across space or time 
(Raudsepp-Hearne et al., 2010). Service bundles are often dependent on both natural systems 
and landscape elements (see chapters 2, 4 and 5) as well as the social needs to those using these 
landscapes and deriving benefits and services from the environment (Yang et al., 2015) (see 
chapters 2 and 4). Examining ES bundles emphasises the linked nature of ES and could 
encourage the consideration of the multiple trade-offs and synergies involved in land 
management and conservation decisions (Yang et al., 2015). ES bundles also capture how 
different ES interact and are distinct from ES inventories that can be tallied up to obtain a total 
quantity of services, because adding the services within a bundle would both double count ES 
that interact and ignore varying social values placed on different services (Raudsepp-Hearne et 
al., 2010).  
 
1.1.2 The Ecosystem Service cascade 
Issues with the various definitions offered for ES and the lack of consensus around how to 
measure and quantify ES and ES bundles is reported to be due to the overlap and the numerous 
and varied ways services fall along the ES cascade (Boerema et al., 2017). The ES cascade 
(Figure 1.1) was originally developed by Haines-Young & Potschin (2010), yet has been 
widely revised by many researchers in varying degrees of complexity (e.g. Driver-Pressure-
State-Impact-Response (DPSIR) scheme) (see Hernandez-Morcillo et al., 2013; Saarikoski et 
al., 2015; Van Oudenhoven et al. 2012). The original cascade provides a conceptual framework 
for operationalising the measuring of ES generation and provision by breaking the concept up 
into five measurable entities that define the ES paradigm (Potschin & Haines-Young, 2016). 
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The cascade model shows ecosystem properties and functions (biophysical structure or stock) 
holding ES potential, which provide ES that have benefits for humans, to which a social or 
economic value can be attributed (Boerema et al., 2017; Haines-Young & Potschin, 2010; 
Nassl & Löffler, 2015). Arrows describe human involvement in the process of ES generation 
and delivery. Use-value attribution turns biophysical ecosystem functions into ES potentials, 
which, when mobilised, provide ES. Through appropriation or enjoyment, ES then generate 
benefits to human well-being. These benefits manifest in economic or societal values after 
economic or non-economic valuation respectively. For example, river systems have the 
potential for water purification through denitrification and sedimentation, which determine 
nutrient and organic matter removal (see chapter 5 for further examples). The resulting benefit 
for human well-being is the provision of clean drinking water and safe recreation, which can 
be valued through different methods. It is widely agreed that a full analysis of each ES requires 
that the ecological and socio-economic aspects need to be considered, as well as the 
relationship between them (Boerema et al., 2017; de Groot et al., 2010a; Haines-Young & 
Potschin, 2010).  
 
 
Figure 1.1: The ecosystem service cascade based on Haines-Young and Potschin (2010) and modified by 
Nassl and Löffler (2015) and Spangenberg et al. (2014). Green indicates the biosphere, blue indicates the 
anthroposphere, and yellow indicates social-ecological systems interactions (i.e. the sphere of overlap). 
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A limitation of the cascade model is that it offers a linear relationship between ecological 
structures and processes on the one hand, and benefits and values on the other. In reality, 
understanding and articulating ES values is far more complex and cannot easily be captured in 
a simple model such as this (Nassl & Löffler, 2015). Even for a single ecosystem, a network 
of linkages can be identified between a number of different ecological structures and processes, 
the different functions they support and a suite of benefits that ultimately arise. Nevertheless, 
the elements of the cascade do give us some of the concepts we need to represent and 
understand the richness of these relationships (Potschin & Haines-Young, 2016). Additionally, 
the ES cascade describes the supply and demand complex only within a certain period (i.e., 
from provision to consumption) and is unidirectional (i.e., from the ecosystem to society) as it 
largely discounts feedbacks from the end of the causal chain to its beginning. It mentions 
pressures affecting ecosystem structures and the possibility of policy actions to limit them, but 
does not expound the topic. Further adjustment is clearly necessary to account for the 
complexity of real SES (Nassl & Löffler, 2015) and to integrate underlying causes of human 
involvement in the cascade, as well as consequential adaptation to environmental changes so 
as to improve our understanding of ES research and ensure adequate and effective governance 
and management of landscapes and landscape features which provide ES. 
 
A significant limitation in the governance and management of ES and associated land use is 
the inadequate understanding of the social and ecological underpinnings of ES highlighted 
above (Carpenter et al., 2009; Nassl & Löffler, 2015). Difficulties regarding the quantification 
and valuation of ES, trade-offs between different services and ES bundles, and mismatches 
between political and ecological scales hamper the assessment, planning and management of 
ES (Anton et al., 2010; Busch et al., 2012; Granek et al., 2010; Ring et al., 2010; Wilkinson et 
al., 2013). Moreover, lack of information on the status and changes in ecosystems, the drivers 
of change, and the consequences of management responses (Pereira & Cooper, 2006) further 
impede progress. The existing information is fragmentary, incomparable from one place to 
another, highly technical and unsuitable for policy makers (Reyers et al., 2013; Seppelt et al., 
2012; Wilkinson et al., 2013). Research is needed to develop innovative research 
methodologies, through transdisciplinary efforts (Carpenter et al., 2009; De Groot et al., 2010b; 
Granek et al., 2010) that ensure more comprehensive analyses and results that further our 
understanding of the values of urban ES (Braat & De Groot, 2012; Rissman & Gillon, 2016). 
This research is essential to addressing gaps in the literature. 
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1.1.3 Addressing lacunae in ecosystem-service literature 
Although the literature on ES and their governance highlights conceptual framings, drivers of 
methodological development and points of operationalisation of the concept (Burkhard et al., 
2012; Kelemen et al., 2016; Wilkinson et al., 2013), there are some obvious gaps in the current 
body of literature (Braat & De Groot, 2012; Carpenter et al., 2009). These involve how different 
services are interlinked with each other and to the various components of ecosystem 
functioning (see chapters 2 and 5); how combinations of ecosystem services can flow 
sustainably from a particular landscape to another (see chapters 4 and 5); how different human 
actions affect the landscape and ecosystems and can change the provision of ecosystem services 
(see chapters 2, 3, 4, 5 and 6); the potential trade-offs among services (see chapters 2, 4 and 6); 
the influence of differences in temporal and spatial scales on demand and supply of services 
(see chapters 2, 4 and 5); the kind of governance and institutions best able to ensure ES 
management (see chapters 3 and 6) and the sustainable flow of ecosystem services in the long 
term which ultimately affect ES value systems (see chapters 2, 3, 4 and 5) (Burkhard et al., 
2012; Burkhard et al., 2014; Carpenter et al., 2009; De Groot et al., 2010b; Gould et al., 2014; 
Hauck et al., 2013; Kelemen et al., 2016; Kenter et al., 2011; Korsgaard, 2006; Pascual et al., 
2010; Primmer & Furman, 2012; Reyers et al., 2013; Sherrouse & Semmens, 2014).  
 
In addressing these research gaps, we need to ensure that we move forward by generating and 
using data that is compatible, comparable and commensurable across sites and scales. There 
are many issues to be addressed concerning the amount, quality, accuracy and reliability of 
data related to ES research. On top of the ecological, economic and social dimensions and 
definitions of ES, there are local, national and global measures which add layers of complexity 
(Tolvanen et al., 2016). We therefore need to be able to make clear distinctions between 
different definitions, methods and approaches to ES research across varied scales and recognise 
the opportunities and limitations in data sets that may affect applicability (Ainsworth et al., 
2008; Villa et al., 2002) (see chapters 3 and 5). For example, public- or private-sector 
organisations often produce and maintain data primarily for their own purposes, which might 
lead to inconsistency in data coherency, compatibility and interpretation (Tolvanen et al., 2016; 
Vihervaara et al., 2013). Administrative incompatibility may stem from the traditional division 
between the management of land and water areas or issues related to geographical dimensions 
and borders (Burkhard et al., 2009). In the case of this study, areas are defined by administrative 
boundaries between protected area and the city, whereby ecological areas have natural 
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boundaries with transitional zones, and anthropogenic environmental impacts extend beyond 
the city limits across the natural boundaries (Tolvanen et al., 2016). In these cases, when 
information may be needed to be combined, harmonised or compared across borders, 
commonly agreed principles towards measurements and spatially-explicit semantics are 
needed to improve the scientific basis for research as well as practical implementation (Seppelt 
et al., 2011; Tolvanen et al., 2016).  
 
To compare ES and their values across geographic boundaries and/or regions we must be able 
to verify all the components that went into the method formulation and data analyses. We need 
to review not only the results and outcomes but also the raw data, the valuation methods and 
the documented analytic streams that produced the results (Burkhard et al., 2009; de Groot et 
al., 2002; Troy & Wilson, 2006; Vihervaara et al., 2013; Villa et al., 2002). However, even 
carefully quantified environmental data require careful processing, since data that appear 
coherent and commensurate may cause problems because of the complexity of their content 
(Tolvanen et al., 2016). The ability to use this information will depend upon both its quality 
and accessibility (Villa et al., 2002). When dealing with data integration and synthesis there is 
a crucial need for robust and detailed mixed and/or multiple methodological approaches to 
address the problem of comparability, transferability and integration of information among 
sites. This is fundamental to achieve comprehensive monitoring and measuring of ES to 
address research gaps to provide necessary information at various scales (de Groot et al., 2010; 
Vihervaara et al., 2013) and across varied SES. 
 
1.1.4 Social-ecological systems 
Contemporary and future research should focus on understanding socio-economic and 
environmental drivers that affect ES and capturing the uncertainties of their evolution over 
space and time (Anton et al., 2010; Nassl & Löffler, 2015; Potschin & Haines-Young, 2016) 
and, more specifically, concentrate on these drivers in urban contexts (Dobbs et al., 2011). 
Cities represent a new class of ecosystems shaped by the dynamic interactions between 
ecological and social systems (Du Plessis, 2008) and as such, need to be considered social-
ecological systems (SES) which are composed of organised assemblages of humans and non-
human life forms in a spatially determined geophysical setting (Halliday & Glaser, 2011). 
Cities, such as Cape Town, which have seen rapid expansion in recent decades (Holmes et al., 
2012), should be considered as SES as there are multiple demands on urban land use to meet 
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development and conservation needs (Anderson & Elmqvist, 2012). When projecting the 
expansion of current cities, one must become more proactive in allowing for reconciliation 
between human development and environmental sustainability (Carpenter et al., 2009; Müller 
et al., 2013; Secretariat of the Convention on Biological Diversity, 2012). Understanding the 
links between ES and people, and between urban protected areas and the cities in close 
proximity to them, particularly within African contexts, requires a SES approach (Braat & De 
Groot, 2012; Duraiappah et al., 2014).  
 
The functioning of SES is complex, heterogeneous and often structured by dynamic processes 
(Anand et al., 2010) with environmental variables influencing natural systems across space and 
time. Understanding the complexity of ecological systems is crucial if we are to comprehend 
human interactions that result in critical changes in the goods and services an ecosystem can 
provide. Advancement in our understanding and predictive capacity will only stem from 
research efforts that continue to explore and explain the interactions between natural systems 
and human livelihoods (Rissman & Gillon, 2016; Townsend et al., 2011; Tzoulas et al, 2007; 
Wilkinson et al., 2013). 
 
To fill the voids in our understanding of the anthropogenic drivers of environmental change 
within the realm of urban ecology, the questions asked must be framed from within both the 
natural and social sciences (McIntyre et al., 2000; Müller et al., 2013; Duraiappah & Rogers, 
2011). Advances in the natural and social sciences, as well as environmental economics, allow 
better understanding of how human actions affect ecosystems and biodiversity in a variety of 
settings, including urban centres, and in turn how changes in ecosystems affect human welfare 
(Townsend et al., 2011). It is critically important that SES are considered as feedback loops 
and imperative that the focus of future research is on these flows in urban settings, including 
flows of services between urban protected areas and cities.  
 
1.1.5 Urban ecology and ecosystem services 
There is a growing body of evidence that human domination of the planet’s ecosystems has 
dramatically altered large areas of the globe, most notably in and around cities, causing a 
substantial reduction in global biodiversity and reduced the capacity of ecosystems to provide 
society with a sustainable supply of essential goods and services (Müller et al., 2013; Seto et 
al., 2013; Tilman, 2000; Wilkinson et al., 2013). This awareness of the implications of 
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ecosystem change has been accompanied by increased acceptance of the philosophy that 
humans are an integral part of the global environment, since this approach better reflects the 
realities of human dependence on, and interdependence with, ecological processes (Ashton et 
al., 2005). Our dependence on these ecological processes, natural resources and the goods and 
services provided by natural areas is noted in both rural and urban settings.  
 
There have been significant changes in where humans live on the planet, both regarding the 
rural–urban shift of populations and in the geographical locus of settlements (Seto et al., 2013). 
These changes have inevitable ecological consequences. Urbanisation rates are increasing and 
it has been projected that by 2050 more than 66% of the world’s population will live in cities 
(United Nations, 2015). The diversity of human activities in urban centres creates and 
maintains a variety of habitats ranging from natural areas to highly modified spaces (Dobbs et 
al., 2011; Müller et al., 2013; Niemelä, 1999; Wilkinson et al., 2013) so that most ecosystems 
can arguably be considered human-dominated systems, regardless of whether humans actually 
live within them or not (McIntyre et al., 2000). What has emerged in contemporary literature 
is a complex of in- and of-city ecologies which strive to address sustainability across several 
scales, often in the context of joint anthropogenic and conservation agendas (Grimm et al., 
2008; McDonald et al., 2013; Pickett et al., 2001; Wilkinson et al., 2013). Ecology ‘in the city’ 
speaks of studies that are local in scale, while ecology ‘of the city’ speaks of research that is 
interdisciplinary and multiscalar (Grimm et al. 2008; Pickett et al. 2001).  
 
Historically, it was believed that there were limited possibilities for applying ecological 
knowledge about the value of ES delivery in urban settings (Niemelä, 1999). More recently, 
the importance of considering environmental variables in decision-making processes has been 
further explored. The Secretariat of the Convention on Biological Diversity (SCBD) (2012) 
has identified the value of ES delivery in urban contexts as pivotal to the sustainable 
development of cities. This thesis picks up on a number of the central messages of the SCBD, 
in particular the values and benefits of ES to urban residents, notably cultural ES (see chapters 
2 and 4), as well as the governance and management of these services (Müller et al., 2013; 
Secretariat of the Convention on Biological Diversity, 2012) (see chapter 3). These key 
messages should direct our current and future approaches to integrating ES thinking into 
environmental-management practices and policies. This will require action at multiple scales, 
from the local to the international (Anderson & Elmqvist, 2012; McDonald et al., 2013; 
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Rissman & Gillon, 2016; Secretariat of the Convention on Biological Diversity, 2012) across 
a variety of landscapes, ranging from highly developed landscapes to protected areas (Gómez-
Baggethum et al., 2013). 
 
1.1.6 Protected areas in urban contexts 
With more and more people migrating from rural environments to urban centres in developing 
countries (Bakker, 2003; Grimm et al., 2008; Smith, 1996) concern has arisen about what the 
proximity of protected areas to expanding urban areas might hold for the ecological integrity 
of these areas (Grimm et al., 2008; McDonald et al., 2013; Seto et al., 2013). Equally important 
is to understand what contemporary environmental management and access to ES mean for 
urban inhabitants. Much attention has centred on these feedback loops to consider appropriate 
ways for natural resource managers and conservationists to maintain the biological integrity of 
protected areas while enhancing human livelihoods (McDonald et al., 2009, 2013). What is 
certain is that as proximity of protected spaces to urban areas increases so does the potential 
for both positive and negative interactions (Duraiappah & Rogers, 2011) (see chapters 2, 3, 4, 
5 and 6). 
 
The positive and negative effects of urban areas on nearby protected areas, such as national 
parks, are part of the broader topic of the interactions between human land use and protected 
areas (McDonald et al., 2009). National parks have been designated as a principal strategy for 
environmental conservation serving in the past to keep the idea of biodiversity protection alive 
and thereby contributing significantly to the survival of individual species and entire habitats 
that might otherwise have been destroyed (Hockings, 2003; Liu et al., 2008). National parks 
are part of broader social, cultural and social-economic frameworks that incorporate 
biophysical and social systems which are inextricably intertwined (Hjortsø et al., 2006). In 
assessing the potential impacts on protected areas from urban expansion, much emphasis has 
been placed on people, particularly on those who live in or adjacent to national parks 
(Abensperg-Traun, 2009; Armenteras et al, 2009). The challenge faced is to provide cultural 
and environmental goods and services without compromising biodiversity management and 
conservation strategies (Alessa et al., 2003; Hockings, 2003) especially in urban contexts 
(McDonald et al., 2013; Secretariat of the Convention on Biological Diversity, 2012).  
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Urbanisation does produce many social-economic benefits and the proximity of urban residents 
to protected areas can greatly enhance their lives through the cultural use of these spaces and 
the resources they offer for recreational, spiritual, cultural, educational and aesthetic purposes 
(Elmqvist et al., 2010b) (see chapter 2). These spaces also perform vital provisioning and 
regulatory functions although cultural services and the values attached to them have received 
considerably less attention in the mounting body of empirical ES research and assessments 
(Chan et al., 2012; De Lange et al., 2010; Gould et al., 2015; Raymond et al., 2009). This thesis 
contributes to the literature on cultural ES values (see chapter 2) by considering the 
beneficiaries of freshwater and landscape elements and the values and benefits they derive from 
these resources in an urban protected area in a developing city context. The benefits gained 
from ES are extremely important to residents of cities in developing countries, where these 
goods and services represent safety nets in times of hardship and often as cultural and historical 
rights (Brill, 2012). The residents’ actions directly influence the integrity of the ecosystems 
and the sustainability of the goods and services they offer. 
 
Recognition of the core roles biodiversity management and conservation strategies play in 
maintaining flows of ES on a sustainable basis is critical to successful resource management 
and research, especially when considering water (Ashton et al., 2005; Korsgaard, 2006; 
McDonald et al., 2013). Historically, environmental research has been narrowly focussed on 
the separate environmental components in the hydrological cycle, rather than on the 
interconnected processes and relationships between them (Ashton et al., 2005; Le Maitre et al., 
2007). These relationships within the hydrological cycle should be explored along with their 
role in maintaining flows of water-related goods and services to society, their vulnerability to 
change in the broader environment, and the values humans ascribe to them (Allan, 2004; 
Ashton et al., 2005). 
 
1.1.7 Water as a provisioning, regulating and cultural service  
Functioning ecosystems play important roles in the global hydrological cycle by contributing 
to water provision, regulation and purification, as well as the provision of cultural services 
(Elmqvist et al., 2010a, 2010b). Most studies focussing on ES provision and using water as a 
tool of engagement, consider water flows, flow regulation, and the regulation of water quality 
(Le Maitre et al., 2007). Water-related ES, especially relating to rivers and streams in protected 
areas, are increasingly being investigated from a landscape perspective, both as landscapes in 
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their own right (Robinson et al., 2002) and as ecosystems strongly influenced by their 
surroundings at multiple scales across a variety of landscapes (see chapters 2, 4 and 5) (Allan, 
2004). Water is an effective agent in linking landscape elements across space and through time 
(see chapters 2, 3 and 5) (Allan, 2004). It has long been recognised that rivers and streams are 
influenced by the landscapes through which they flow (see chapters 4 and 5), and that they 
represent complex mosaics of habitat types and environmental gradients characterised by high 
degrees of connectivity and spatial complexity (see chapter 5) (Allan, 2004). This complexity 
of connectivity and spatial awareness has been a feature of water-resources development the 
world over, making it an effective platform for exploring the values inherent to and benefits 
derived from this essential resource.  
 
The values and benefits of water are numerous and scholars and managers have long sought 
ways of capturing, storing, cleaning, and redirecting freshwater resources in their efforts to 
reduce the vulnerability to irregular river and stream flows and unpredictable rainfall (Gleick, 
2000; McDonald et al., 2013; Korsgaard, 2006). The dynamic processes of managing 
freshwater resources and the human demands for water are constantly changing. There are 
many sides to this change, including a shift away from the sole or primary reliance on finding 
new sources of supply to address perceived new demands; a growing emphasis on 
amalgamating ecological values into water policy; a re-emphasis on meeting basic human 
needs for water services; and a cognisant severing of the ties between economic growth and 
water use (Gleick, 2000; Postel & Richter, 2003). Although these changes have been evident 
in some situations, much has not become tangible leading to failings in the provisioning of 
freshwater and the policies that govern these resources (Gleick, 2000). An essential shift in 
thinking is required, from a stance where water is regarded simply as a commodity to a view 
of water resources being recognised as integral parts of SES within the larger landscape 
(Ashton et al., 2005; McDonald et al., 2013). 
 
A further necessity is to establish a comprehensive understanding of the relationships between 
the various regulating, provisioning and cultural components of the hydrological cycle and the 
linkages and interrelationships between these components. The dynamics of these multifaceted 
interrelationships and complex feedback loops are regulated by ecosystem processes (Ashton 
et al., 2005) so providing vital ES for human needs of city residents (McDonald et al., 2013). 
Predictions of the pressures of global urban-demographic growth on water availability suggest 
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that the impacts on ES delivery would be greatest in places with large urban water demands 
relative to water availability, thus impacting on resource sustainability (Secretariat of the 
Convention on Biological Diversity, 2012). The need to maintain the flows of water-related ES 
on a sustainable basis underpins water-resource management decisions and the actions that aim 
to reach equilibrium between resource protection and use (Ashton, 2004). However, the wide 
array of intricate linkages and interrelationships between the components of the hydrological 
cycle and the implications of external pressures on these components are seldom wholly 
understood, inevitably complicating the task of policy development, governance and 
management of water at the landscape level (Ashton et al., 2005).  
 
1.1.8 Policy, governance and management in urban social-ecological systems 
Levels of ES provision are partly driven and strongly influenced by policies and decision 
making at different levels of governance, from global to local scales (Anton et al., 2010). The 
evaluation of ES considers the quantification of benefits derived from ecosystems for planners 
and politicians who develop plans and strategies for the protection of the environment and the 
provision of socially-requested services (Frank et al., 2012). An understanding of how these 
drivers and levers work together is essential for effective communication between all the parties 
involved and for influencing decisions relating to ES provision and resource-conservation 
needs (Anton et al., 2010) across coupled SES. 
 
Researchers are aware that SES can be affected by national and regional policies that do not 
recognise local dynamics (Janssen et al., 2007). Governance of ES is intertwined with several 
other management agendas and, like all sustainability aspirations, requires local knowledge 
and management capacity (see chapter 3) (Secretariat of the Convention on Biological 
Diversity, 2012). In order to improve the robustness of local SES and to resolve issues of 
environmental management, it is necessary to employ policy instruments and management 
programmes which recognise local values and empower local knowledge and expertise 
(Raymond et al., 2009), especially in under-researched cities in developing countries 
(Secretariat of the Convention on Biological Diversity, 2012). It is imperative that the roles 
and responsibilities assumed by various institutions across multiple scales are considered so as 
to determine whether the formal policies implemented by government bodies relate to local 
knowledge systems and behaviour. 
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However, for a variety of reasons, this approach is not always fully accepted and many govern-
ment and legal institutions, at various scales, still adhere to the view that while society is 
dependent upon the environment they should be seen as separate entities and dealt with 
independently (Hirji et al., 2002; Venter et al., 2008). Clearly, this view makes it exceptionally 
difficult for resource-management agencies and conservation officials to mainstream the 
concept of ES into practice to achieve their objectives (Ashton et al., 2005; Wilkinson et al., 
2013). It has been suggested that long-term changes in governance structures and underlying 
values and paradigms cannot occur within a water-management regime in isolation from the 
societal context (Pahl-Wostl et al., 2007). 
 
1.2 Aim, objectives and research questions 
The purpose of this thesis is to articulate the diversity of values derived from ES as evidenced 
through social, economic and ecological benefits and trade-offs, and further seeks to elucidate 
whether these ES understandings in any way inform the institutional arrangements associated 
with a conservation area located within a metropolitan area. Water is used as the vehicle to 
define and describe ES values and benefits because it is an ubiquitous, mobile and life-essential 
resource well known as an indicator of ecosystem functioning. Most significantly, water 
operates in conservation environments and metropolitan settings where it is not confined to one 
space or hindered by human-made boundaries. 
 
The aim is to assess how beneficiaries, stakeholders and managers in a developing city, 
recognise, value and manage multiple and diverse ES associated with freshwater ecosystems 
which comprise different landscape features and elements across varied landscapes over 
different temporal periods. 
 
The objectives are: 
- Identify the beneficiaries of freshwater ES in an urban context, investigate the 
relationships these beneficiaries have with landscape features and clarify the nature of 
ES values, benefits, impacts and trade-offs 
- Uncover the spatial relationships among the uses, values, impacts and management of 
freshwater ES across different urban landscapes and freshwater systems over multiple 
temporal periods 
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- Derive a broader understanding of the importance of freshwater systems to urban 
residents by recognising the multiple value systems associated with freshwater ES 
across landscapes and over time 
- Improve or develop methodological approaches to examine the uses, values, impacts 
and management of urban freshwater ES 
- Critically analyse the relevance of governance policies and management practices 
concerning water-related ES delivery and how frameworks, policies and institutional 
structures enhance or hinder this service provision. 
 
To help achieve the objectives, the following research questions are posed: 
i. What features in freshwater ecosystems provide benefits for and are of value to people 
in an urban protected area?  
ii. Do the perceptions of park management align with the management policies of urban 
protected areas, in ensuring adequate consideration and implementation of the ES 
concept in freshwater management in urban national parks in developing countries? 
iii. Can a broader understanding be gained of the values of riparian ES which originate in 
an urban protected area and flow through a metropolitan area by considering more 
socially-informed approaches? 
iv. How can existing data sets be used to derive levels of anthropogenically induced land-
use change over time; to measure the impact on ecological integrity and; assess the 
delivery of ES in rivers which flow out of an urban protected area and through a 
metropolitan area? 
 
These questions inform the macro structure of the thesis. 
 
1.3 Thesis structure  
Apart from an introduction and conclusion this thesis comprises four content chapters, each of 
which is framed by a research question above, and all of which have been submitted as research 
articles to peer-reviewed journals (Figure 1.2). The first chapter (chapter 2) based on empirical 
work distils out the key landscape elements that are closely coupled to cultural services in 
TMNP according to levels of access, state of the freshwater systems and geographical position 
within the park. Chapter 3 addresses governance and management factors in two urban national 
parks in developing countries by specifically looking at the levels of inclusion of the ES  
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Figure 1.2: Thesis outline including chapter overviews and details of the status of each content chapter 
submitted for publication in a peer-reviewed journal 
 
concept in policies and practice. Chapters 4 and 5 consider three rivers which have their 
headwaters in TMNP and flow out of the park into and through the city of Cape Town. Chapter 
4 concentrates on the willingness to pay for the water-related ES offered by the three rivers and 
highlights the need for the inclusion of social-ecological considerations when evaluating the 
environment. Chapter 5 draws on diverse data sets to develop a novel ES scoring system for 
19 
 
assessing the impacts of spatial and temporal land-use change along the three rivers. The 
concluding chapter presents a synthesis of the research and revisits the aim and objectives of 
the thesis in light of the findings of the four preceding chapters, and demonstrates the 
contributions made to the field of ES research. It discusses how the different elements of the 
thesis come together and offers a critical reflection of the methods used and developed, lessons 
learned in the context of the broader literature, and provides clearly formulated 
recommendations. 
 
Although each content chapter is a stand-alone article, each one contributes to a clearer 
understanding of ES provision and valuation in an urban context, explored through the element 
of water. Each chapter (including the introduction and conclusion) considers the objectives of 
the thesis so that taken together all the thesis’ themes are discussed, namely the role of urban 
landscape features and elements to city residents; the values that individuals and communities 
assign to landscapes elements and freshwater systems; and the services provided by landscapes 
and water over different spatial and temporal scales. The chapters investigate, adapt or develop 
tools, indicators and methodologies to ascertain the nature of ES value, the levels of ES 
governance and management, and determine the nature and scale of ES use and impact. 
Overall, the results reflect the complexity of SES.  
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CHAPTER 2.  EXPLORING THE CULTURAL SERVICES 
OF FRESHWATER ECOSYSTEMS IN AN URBAN 
CONSERVATION AREA 
 
2.1 Introduction 
As urban environments have expanded and continue to expand and grow (United Nations, 
2015), so too has the recognition of human dependence on nature for the provision of vital 
goods and services (Bolund & Hunhammar, 1999; Daniel et al., 2012). National parks within 
cities are critical components of urban ecosystems, holding valuable green and blue 
infrastructure which includes freshwater systems and their functioning. Freshwater ecosystems 
in particular provide a variety of ecosystem services (ES) and service bundles across 
provisioning, regulatory and cultural ES. These parks and the services they provide are key 
elements of the social-ecological landscape where biophysical, social, economic and cultural 
factors are inextricably intertwined (Hjortsø et al., 2006). Their role in generating ES, and 
notably cultural services, that are important for human well-being is increasingly being 
recognised (Bolund & Hunhammar, 1999; Cilliers et al., 2013; De Lange et al., 2010; Jim & 
Chen, 2009; Tyrväinen et al., 2007).  
 
Nature-based experiences provide an opportunity for both physical and mental stimulation and 
relaxation (Neuvonen et al., 2007) and numerous studies have shown that access to water in 
urban natural spaces correlates with higher levels of physical activity (Cutts et al., 2009; 
Dahmann et al., 2010; Neuvonen et al., 2007; Tyrväinen et al., 2007). Additionally, the need 
to experience nature and to escape from the city constitutes an important reason for peoples’ 
visits to urban parks (Chiesura, 2004). Relaxation, quietude, nature appreciation, stress relief, 
combatting fatigue, social interactions and aesthetic enjoyment are cogent reasons for using 
blue infrastructure in urban natural spaces and protected areas (Daniel et al., 2012; Jim & Chen, 
2009; Tyrväinen et al., 2007). However, understanding the nuances, nature and workings of 
cultural ES, especially in an urban context, has yet to be adequately achieved (Chan et al., 
2012). Rapid urban growth in sub-Saharan Africa makes work in this area particularly pertinent 
(Anderson et al., 2013; Cilliers et al., 2013). 
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While cultural ES have been included in all seminal typologies relating to ES (Costanza et al., 
1997; Daniel et al., 2012; Millennium Ecosystem Assessment, 2005), they have received less 
attention in the mounting body of empirical ES research and assessments (Chan et al., 2012; 
Cowling et al., 2008; De Lange et al., 2010; Gould et al., 2015; Kumar & Kumar, 2008; 
Raymond et al., 2009; Russell et al., 2013; Sherrouse & Semmens, 2014; Tyrväinen et al., 
2007) than other ES categories. Research on ES, and more specifically a spatial understanding 
of the working of services, has grown substantially in the past decade (Brown, 2005; Maes et 
al., 2012; Nelson & Daily, 2010; Petter et al., 2013; Sherrouse et al., 2014), albeit primarily 
regarding provisioning and regulating services. A number of dedicated tools and applications 
(e.g. Social Values for Ecosystem Services (SolVES) tool) have been created to develop a 
better understanding (Sherrouse et al., 2011, 2014) of the spatial dimensions of ES delivery as 
well as being used to establish and enhance key ES frameworks (e.g. Common International 
Classification of Ecosystem Services (CICES), Intergovernmental Science-Policy Platform on 
Biodiversity and Ecosystem Services (IPBES), etc.) (Turnhout et al., 2012). A number of 
techniques have also been developed for the localisation of cultural ES valued by urban 
residents through participatory mapping (Alessa et al., 2008; Brown & Raymond, 2007; Bryan 
et al., 2010a, 2010b; Raymond et al., 2009; Sherrouse et al., 2011). The identification of 
locations of high service delivery has been helpful for appreciating the spatial determinants of 
ES delivery and its associated value to society (Sherrouse et al., 2014; Sherrouse & Semmens, 
2014; van Berkel & Verburg, 2014). Further, mapping techniques are playing an important role 
in informing landscape management and they offer researchers an opportunity to capture 
cultural benefits and trade-offs at a landscape level (Petter et al., 2013).  
 
Cultural ES are heterogeneous in space and evolve through time (Fisher et al., 2009). This 
suggests that the properties of ES that people regard as useful or valuable may change over 
time or across different points in a landscape even if the ecological system itself remains in a 
relatively constant state (Braat & De Groot, 2012). Spatial explicitness is important for taking 
into account the spatial heterogeneity of service cascades and flows and of the social-ecological 
values and trade-offs that can be assigned to ES and service bundles (Alessa et al., 2008; 
Carpenter et al., 2009; De Groot et al., 2010a; Hein et al., 2006), as well as to the overall 
governance and management of park policies and practices. 
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The overarching aim of this chapter was to gain insight into the cultural ES, namely the 
underlying landscape factors, features and systems determining their value and importance as 
perceived by users of a national park in a metropolitan setting, as well as the related benefits 
associated with use. To this end this study focussed on freshwater ecosystems and features 
within the Table Mountain National Park (TMNP). Two research questions guided the enquiry. 
First, which cultural services and disservices emerge from different users in relation to 
freshwater systems in the landscape? Second, what are the spatial factors that influence how 
users of cultural ES value freshwater systems in TMNP. Demographics and societal factors 
were not addressed. Rather, the samples provided overviews of the diversity of perspectives 
within built and blue infrastructure and nuanced insights into the complex phenomena 
underlying water-related cultural ES according to the state of freshwater systems in TMNP, the 
section in which these systems are located and the accessibility of these systems. The outcomes 
of this study are intended to guide land-use and conservation governance and management in 
securing adequate and equitable provision of cultural ES in an urban area. 
 
2.2 Methods 
2.2.1 Study site 
Proclaimed in 1998, TMNP located in the city of Cape Town, is South Africa’s only large 
urban national park and is the most visited of all of South Africa’s national parks (Forsyth & 
Van Wilgen, 2008) (Figure 2.1). The park receives over 4 million visitors per year of whom 
2.8 million are residents of Cape Town visiting for outdoor recreational purposes such as 
hiking, biking, swimming, picnicking, bird watching and wildlife viewing. (Daitz & Myrdal, 
2012; Standish et al., 2004). The park covers an area of 221 km2 and is almost entirely 
surrounded by the metropolitan area of Cape Town. It largely functions as an open-access 
system as most of the park is unfenced (Ferreira, 2011), with 20 formal access points of which 
six are payment points. The park has an established network of over 500 km of trails for hiking, 
running and walking, as well as overnight accommodation facilities (Daitz & Myrdal, 2012).  
The park comprises adjoining areas that form three distinct sections: Northern (Table 
Mountain), Central (Silvermine) and Southern (Cape of Good Hope). The Northern and Central 
sections are mountainous and separated by developed urban areas on intervening terrain. The 
Southern section, which contains the majority of land on the southern peninsula of Cape Town, 
is somewhat flatter than the areas to the north and has numerous seasonal wetlands and rivers. 
TMNP obtained status as a World Heritage Site due to its international importance as a hotspot  
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Figure 2.1: Table Mountain National Park and its discontinuous sections along the Cape Peninsula of Cape 
Town, located in the Western Cape province of South Africa 
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of biodiversity for higher plants and invertebrates. The park contains a number of natural and 
human-made freshwater landscape systems including rivers and streams, wetlands and dams, 
39 of which are included in this study. One of the main reasons why the park area has been 
protected is the early recognition of its importance as a mountain catchment area for freshwater 
provision for the residents of Cape Town (Nel et al., 2013). This appreciation persists. 
 
The city of Cape Town is located on the south-western tip of South Africa, and occupies an 
area of roughly 2461 km² with a population of 3.7 million people (Statistics South Africa, 
2011). Population densities in the city range between 1530 per square kilometre (Statistics 
South Africa, 2011) and 3950 per square kilometre (Turok, 2011). Spatially, the broader 
metropolitan area of Cape Town has a distinct developmental feature (Turok, 2011) with areas 
of extreme wealth and as opposed to others of abject poverty (Lemanski, 2007). On the western 
and eastern flanks of the park very affluent households reside, whereas farther east of the park 
poverty prevails in the poorer communities (Davis, 2005).  
 
2.2.2 Data gathering and analyses 
The research approach involved collection of information about local landscape and 
freshwater-system values through a combination of surveys and mapping exercises, with 
subsequent integration into a geographical information system (GIS) (Brown, 2005; Plieninger 
et al., 2013; Tyrväinen et al., 2007). Five categories of cultural services were investigated, 
namely aesthetics and existence; cognitive development, learning and scientific discovery; 
cultural and historical; recreation; and spiritual and religious. A sixth category was added to 
include any disservice (negative) values assigned to particular freshwater systems.  
 
A stakeholder analysis identified 45 organised groups that use TMNP on a regular basis, all of 
which were contacted to take part in this study. These user groups included hiking clubs, 
walking groups, trail-running groups, religious orders and research organisations. Contact 
details for each of the user groups were provided by South African National Parks (SANParks). 
Emails were sent to the administrators of each group inviting them and their members to take 
part in an online survey. Organised (formal) user groups formed the majority of the sample 
population of the study although TMNP is also a popular recreational destination for informal 
user groups (e.g. dog walkers) and individuals from previously disadvantaged communities. 
To encourage broader participation, posters which requested participation in the study were 
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displayed at shopping malls, libraries and community centres throughout Cape Town, as well 
as at a number of the entrance points to the park. Additionally, articles about the study were 
published in two free Cape Town community newspapers. The articles invited Cape Town 
residents to participate in the surveys. This study assessed the perceptions of ES by formal and 
informal user groups, because members of these groups may appreciate cultural services in 
TMNP differently (Plieninger et al., 2013). Individuals who identified themselves as 
indigenous practitioners, such as medicinal plant harvesters and religious followers, were also 
captured in this study albeit in low numbers. The majority of users who took part in this study 
were from active user groups and individuals who resided within close proximity to the park 
(in suburbs within 5 km from the park boundary) who used the park regularly. This potentially 
speaks to some degree of spatial inequality and historical legacies of apartheid spatial planning 
in Cape Town (Davis, 2005; Lemanski, 2007) as well as to some of the barriers to park access 
(i.e. travel costs from areas further afield limit the numbers of users from previously 
disadvantaged communities), as well as to policy constraints (i.e. it is illegal to harvest any 
resource from the park). This study does not profess to capture all park users, and the methods 
applied demonstrated predominantly the active user groups. To broaden user-group 
considerations researchers will need to access different groups at different points in the park, 
methods which were outside of the scope of this study. The individuals captured in this study, 
the majority of whom are from middle- and upper-income communities (based on census data 
from Statistics South Africa, 2011), are representative of the majority of park users as 
confirmed by SANParks. 
 
As done by Tyrväinen et al. (2007), structured questionnaires were used to elicit information 
from respondents about the role and importance of an urban park (Appendix A). An online 
survey was conducted using KwikSurveys (www.kwiksurveys.com) from 1 January to 31 
August 2014. The survey captured respondents’ details and asked 17 open-ended questions 
relating to the demographics of park users, historical and current access patterns and user 
behaviour, present and past water-related activities, residents’ proximity to the park, 
willingness to travel to the park and its freshwater systems, as well as questions based on water-
related impacts and management. Open-ended questions were designed to enrich 
understanding rather than draw definitive conclusions from quantitative summaries (Gould et 
al., 2015). Water-related activities in this study relate to all undertakings recognised by survey 
respondents to be either in or near freshwater. Some activities are water-based (e.g. swimming), 
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while others are indirectly associated (e.g. hiking) albeit that water bodies are used or 
appreciated in each activity mentioned by respondents. A snowball methodology was adopted 
in which survey participants were encouraged to send a link to the survey to other users of the 
park or suggest other individuals who could be contacted to participate in the study. Measures 
(for example registering for the survey using an email address) were taken to ensure that 
respondents could not participate in the survey and mapping exercise more than once. Further, 
respondent details were checked in spreadsheets for any duplications. A hard-copy version of 
the survey material was sent to members of the public who preferred this option. A statement 
regarding compliance with relevant ethical standards and appropriate rules and guidelines 
regarding participation of human subjects in this study was included in the terms and conditions 
of the online and hard-copy survey (Appendix A). 
 
The online survey included a mapping application which pre-identified and numbered the 
park’s freshwater landscape features (Appendix A) (Brown, 2005; Brown & Raymond, 2007; 
Tyrväinen et al., 2007). The survey’s use of a map focussed discussion of cultural ES values 
on specific freshwater systems so helping to make complex, intangible concepts more concrete 
to respondents familiar with maps as expressions of place (Gould et al., 2015; Raymond et al. 
2009; Van Berkel & Verburg, 2014). Respondents were asked to determine whether each 
freshwater system held cultural value according to the six cultural ES categories. Scores were 
cumulative and were derived from the number of responses a freshwater system received across 
the six ES categories. Relative comparisons between water bodies are based on the cumulative 
scores. This study did not seek out to rank freshwater systems according to cultural-service 
importance (i.e. most aesthetically important freshwater system, second most aesthetically 
important freshwater system etc.), but rather which systems held significance in each ES 
category. Initial testing of the survey and mapping exercise showed that different user groups 
ranked the importance of water bodies differently and due to the expected sample size, ranking 
of freshwater systems would not prove effective. Respondents were asked to select between 
five and 10 freshwater systems per ES category. This was done to allow for the more nuanced 
capturing of differences between systems thereby showing a greater range of preferences for 
ES categories across the various waterbodies. Freshwater systems may carry different 
meaning/s for some people despite being in the same service category and were not able to 
rank systems (e.g. some respondents may find a waterfall as beautiful as a flowing stream 
surrounded by indigenous vegetation). An option for non-applicability was also offered.  The 
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number of respondents who selected an ES category per freshwater system was totalled to 
achieve an overall cultural ES score. Negative values were subtracted from the overall score of 
a freshwater system. Importance of individual ES categories across each freshwater system is 
believed to have been captured using this method. The Jenks algorithm was used to determine 
breaks in the spread of values in all maps generated from mapping application. The mapping 
application was written in Ruby On Rails 3 and source code was developed using Jetbrains 
RubyMine v6. The questionnaire and mapping application are appended (Appendix A). 
Previous studies pointed out some issues with adopting the ES concept and frameworks in 
surveys and mapping exercises because some respondents may have not fully conceptualised 
cultural ES benefits prior to their participation in surveys or may have had difficulty in 
understanding cultural ES concepts (Chan et al., 2012; Gould et al., 2015). A simplified 
definition of the ES concept was provided in the text of the survey and mapping exercise to 
help inform respondents following outcomes from the initial testing of these survey 
instruments.  
 
The location of park entry points, residential proximity to TMNP and the distances users travel 
to access the park and its freshwater systems were examined as critical properties of these 
freshwater systems. The scoring flowchart developed for level of access is shown in Figure 
2.2. The highest number of points a freshwater system could achieve was 15. Systems that 
scored 10 or less were ranked as not easily accessible, while those that scored 11 or higher 
were deemed easily accessible.  
 
The cultural service scores are co-variate and multiple statistical analyses were undertaken to 
account for state of the freshwater system, section in which the system is located and the levels 
of access to the freshwater system. These three variables (state, section, access) are mutually 
exclusive and independent. Scores for cultural services were compared using the Kruskal-
Wallis H test for state of the waterbody as well as section in which these systems are found. 
The Mann-Whitney U test was conducted for levels of access. Both tests are rank-based 
nonparametric. Visual inspection of the boxplots (histograms) for each of the six cultural 
services for each factor suggested some deviation from normality. Equality of variances of 
groups were assessed using the Levene’s test of homogeneity of variances. Pairwise post hoc 
comparisons were used to further explore differences between groups. Values obtained from 
the mapping exercise are independent but the concept that the total score of all ES categories 
represents may be related (e.g. some people may opt to undertake recreational activities in 
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aesthetically pleasing environments). Interactions between state, section and access and their 
impacts on the cultural ES outputs were not accounted for in this study. 
 
 
Figure 2.2: Flowchart detailing how the scoring system for access points to each freshwater system in Table 
Mountain National Park was derived. 
 
2.3 Results 
2.3.1 Characteristics of respondents 
A total of 265 complete entries (survey and mapping exercises) were received. Incomplete 
entries were discounted. There was no significant difference between the distribution of male 
and female respondents which totalled 139 (52.5%) and 126 (47.5%), respectively. The average 
age of male respondents was 43.7 (SD ± 16.2) years while that of females was 42.6 (SD ± 14.1) 
years. The youngest respondent was 18, the oldest 82 years old. The majority (208 respondents; 
57.4%) of participants had been visiting TMNP for less than 30 years. Just over half reported 
visiting the park weekly (139 respondents; 52.5%). The largest proportion (148 respondents; 
57.8%) of participants reported visiting the park in a combination of with family or friends, in 
a larger group, or alone. The majority of respondents reside in suburbs ranked as middle- (223 
respondents; 84.2%) and high-income (40 respondents; 15.1%) areas, while only 2 respondents 
were from lower-income communities. 
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2.3.2 Water-related activities and activity clusters 
Activities undertaken in and around the park’s freshwater systems are presented in Table 2.1. 
There was a total of 27 water-related activities recorded by respondents. Hiking was reported 
as the most popular activity undertaken in the park (211 respondents; 79.6%), with swimming 
(91 respondents), running/trail running (80 respondents) and walking (77 respondents) 
accounting for about a third of all respondents respectively. Hiking and walking were 
differentiated in the survey as there are dedicated user groups for these two activities.  
 
Table 2.1: Number of responses for water-related activities in Table Mountain National Park 
Activity (cluster and activity number) 
Number of 
responses 
Percentage 
contribution 
Hiking (c4.2) 211 79.6 
Swimming (c2.5) 91 34.3 
Running/trail running (c4.3) 80 30.2 
Walking (c5.2) 77 29.1 
Cycling/mountain biking 62 23.4 
Dog walking (c1.2) 45 17.0 
Picnics/braais (c5.3 42 15.8 
Climbing 36 13.6 
Bird/wildlife watching (c5.4) 19 7.2 
Camping/overnighting 14 5.3 
Conservation management/volunteering (c3.4) 12 4.5 
Nature appreciation (c2.6) 10 3.8 
Photography/drawing (c2.7) 10 3.8 
Alien vegetation clearing/land rehabilitation 8 3.0 
Horse riding (c1.1) 8 3.0 
Caving (c3.1) 6 2.3 
Scientific research (c3.2) 6 2.3 
Mapping/orienteering 4 1.5 
Relaxation/meditation (c3.3) 4 1.5 
Abseiling 3 1.1 
Drinking water (c2.1) 3 1.1 
Kloofing (c4.1) 3 1.1 
Canoeing/kayaking (c2.2) 2 0.8 
Emergency training 2 0.8 
Fishing (c2.4) 2 0.8 
Plant collecting (c5.1) 2 0.8 
Educational activities (c2.3) 1 0.4 
Guiding 1 0.4 
Paragliding 1 0.4 
Star gazing 1 0.4 
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A cluster analysis (Figure 2.3) was undertaken to identify distinct activity grouping 
preferences. Five clusters were generated. The first cluster incorporates water-related activities 
involving animals, in which respondents undertake horse riding and taking their dogs for walks 
and allowing animals to drink and swim in the park’s water bodies. Cluster two includes 
swimming, canoeing/kayaking, fishing and drinking from streams. Educational activities, 
nature appreciation and photography/drawing are also presented in cluster two. Cluster three 
groups caving, scientific research, relaxation/meditation and conservation 
management/volunteering. Hiking, kloofing and running/trail running are grouped together in 
cluster four. Cluster five relates to grouping preferences for more passive activities including 
walking, bird watching, picnics and plant collecting. 
 
 
Figure 2.3: Water-related activities undertaken in Table Mountain National Park reported as activity 
preference clusters. Numbered activities relate to those mentioned in Table 2.1. Dotted lines delineate 
suggested clusters. 
 
2.3.2 Analyses of systems of ecosystem services  
Respondents assigned preference values to each of the 39 freshwater systems in the park 
according to the six categories of cultural ES. On average, people selected seven freshwater 
systems per ES category. Table 2.2 shows the scores achieved by each of the freshwater 
systems presented in this study. The ES values assigned to recreation ranked highest (1866 
responses; 40.9%), and with those for aesthetics and existence second highest (1573 responses;  
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 Table 2.2: Cultural ecosystem service tallies given to water bodies in Table Mountain National Park by survey respondents. Values per cultural ecosystem service 
category refer to the number of respondents who assigned a cultural ecosystem service value to a particular water body. The total is a tally of the number of responses 
per water body across all five ecosystem services less the negative values. Water bodies are listed by section and state (man-made, natural (flowing) or natural 
(stationary)).  
Water body (ID number) 
Section State Aesthetics Cognitive Cultural Recreation Spiritual Negative TOTAL 
Silvermine Dam (13) 
Central Man-made 129 10 37 231 9 -17 399 
Hely Hutchinson Reservoir (4) 
Northern Man-made 106 7 46 158 22 -10 329 
Newlands Stream (25) 
Northern Natural (f) 121 23 16 112 20 -5 287 
Silvermine River (29) 
Central Natural (f) 93 21 12 124 18 -8 260 
Disa Stream (21) 
Northern Natural (f) 110 30 15 74 31 -4 256 
Kleinplaas Dam (7) 
Southern Man-made 88 5 19 111 9 -9 223 
Woodhead Reservoir (15) 
Northern Man-made 66 7 40 101 16 -12 218 
 
         
Platteklip Stream (26) 
Northern Natural (f) 80 7 14 75 12 -2 186 
Waterfall in Cecilia Forest (38) 
Northern Natural (f) 80 12 3 67 17 -1 178 
Nellies Pool (35) 
Central Natural (s) 71 12 5 70 10 -2 166 
Prinskasteel River (27) 
Central Natural (f) 72 13 12 63 10 -6 164 
De Villiers Dam (2) 
Northern Man-made 31 4 21 97 5 -3 155 
Alexandra Reservoir (1) 
Northern Man-made 32 1 26 92 8 -11 148 
Victoria Reservoir (14) 
Northern Man-made 29 1 29 78 9 -7 139 
Sirkelsvlei (36) 
Southern Natural (s) 56 23 10 30 13 -1 131 
Groot Rondevlei (32) 
Southern Natural (s) 47 25 3 38 4 -0 117 
Silver Stream (28) 
Northern Natural (f) 48 5 0 46 10 -1 108 
Waterfall on Prinskasteel River (39) 
Central Natural (f) 43 4 3 42 9 -0 101 
Table 2.2 continued overleaf 
3
1
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Kirstenbosch Dam (6) 
Northern Man-made 40 3 10 50 1 -5 99 
Newlands Reservoir (11) 
Northern Man-made 26 0 12 44 2 -11 73 
Kasteelpoort River (22) 
Northern Natural (f) 28 7 7 19 3 -0 64 
Lewis Gay Dam (8) 
Southern Man-made 13 1 8 42 4 -6 62 
Buffels River (18) 
Southern Natural (f) 17 18 5 14 4 -0 58 
Camps Bay Stream (19) 
Northern Natural (f) 31 1 1 21 8 -5 57 
Klein Rondevlei (34) 
Southern Natural (s) 25 16 1 7 2 -0 51 
Klaasjagers River (23) 
Southern Natural (f) 17 7 4 5 4 -1 36 
Diepsloot (20) 
Northern Natural (f) 10 6 1 12 5 -0 34 
Schusters River (30) 
Southern Natural (f) 13 8 0 10 1 -0 32 
Skilpadvlei (37) 
Southern Natural (s) 11 10 0 3 2 -0 26 
Booiskraal River (17) 
Southern Natural (f) 7 7 1 8 1 -0 24 
Bokramspruit River (16) 
Southern Natural (f) 7 7 1 9 1 -6 19 
Krom River (24) 
Southern Natural (f) 6 6 0 4 1 -0 17 
Duiwelsvlei (31) 
Southern Natural (s) 2 11 0 0 2 -0 15 
Klawervlei (33) 
Southern Natural (s) 5 10 0 0 1 -3 13 
Mocke Reservoir (10) 
Northern Man-made 7 0 1 6 1 -6 9 
Frans Dam (3) 
Southern Man-made 3 2 2 0 0 -0 7 
Matroos Dam (9) 
Southern Man-made 2 3 0 1 0 -0 6 
Jackson Reservoir (5) 
Southern Man-made 1 1 2 2 0 -1 5 
Rawson Reservoir (12) 
Southern Man-made 0 0 0 0 0 -0 0 
TOTAL   
1573 334 367 1866 275 -143 4272 
 
Table 2.2 continued  
3
2
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34.5%). Category responses for cognitive development, learning and scientific discovery (334 
responses; 7.3%), cultural and historical (367 responses; 8.1%) and spiritual and religious (275 
responses; 6.0%) were lower, with all three categories amounting to only 21.4% (976 
responses) of the total number of responses. There were 143 (3.1%) responses relating to 
disservice values. Responses from trail runners, hikers and walkers, as well as members of 
some religious groups, suggest that conflicts with dogs and their owners cause significant 
tensions regarding use of some freshwater systems in the park. Friction was reported between 
trail runners and mountain bikers, where both groups use the same trails in the park. Figure 2.4 
maps the score ranges achieved by the individual freshwater systems in the park according to 
the six cultural ES categories.   
 
 
Figure 2.4: Number of responses in cultural ecosystem service categories (aesthetics and existence; 
recreation; cognitive development, learning and scientific discovery; cultural and historical; spiritual and 
religious, and negative) per water body by users of Table Mountain National Park 
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2.3.2.1 Influence of the state of freshwater systems 
Regarding the overall cultural ES values by category of freshwater system the 17 rivers, 
streams and waterfalls which were categorised as natural (flowing) systems received the 
greatest number of survey responses (1881 responses; 44.0%). These systems were specifically 
valued for their aesthetics and existence, promotion of cognitive development, learning and 
scientific discovery, and provision of spiritual and religious services. The 15 dams and 
reservoirs recorded similar totals (1872 responses; 43.8%) to the natural (flowing) category. 
This result is in part bolstered by the high recreational, and cultural and historical ES values 
attributed to these systems, although they held little value for cognitive development, learning 
and scientific discovery. Human-made features recorded the highest number of negative 
responses (98 responses). The natural (stationary) systems encompassing wetlands and pools 
reported only six negative values from survey respondents thereby showing the lowest values 
across all the ES categories except for cognitive development, learning and scientific 
discovery. Overall, natural (stationary) systems constituted only 12.1% (519 responses) of the 
total number of responses. 
 
The cognitive development, learning and scientific discovery, cultural and historical, recreation 
and negative categories did not have equal variances between the state-of-waterbody groups 
(Table C1 in Appendix C). Kruskal-Wallis H tests indicate that cognitive development, 
learning and scientific discovery, negative, cultural and historical values and negative 
categories showed significant differences when tested against state of the waterbody. Post hoc 
testing indicates significant differences between human-made and natural freshwater systems 
in all three state of freshwater system categories. Built infrastructure produced a higher mean 
number of responses than freshwater systems in the recreation and negative value categories. 
 
2.3.2.2 Influence of section of the park.  
The Northern section of the park with its 16 freshwater systems produced the highest overall 
service tally, accounting for 54.8% (2340 responses) of the cultural ES provided by freshwater. 
Notably, the Northern section is an important location for cultural and historical services, as 
well as holding high values for spiritual and religious ES (Figure 2.4). The five freshwater 
systems in the Central section only yielded 1090 responses (25.5%), although the mean number 
of responses indicates that this section holds major ES importance across five of the six 
categories. Values for cultural and historical services were ranked second highest in this 
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section. The 18 freshwater systems in the Southern section elicited only 842 responses (19.7%) 
and recorded the lowest mean values across all ES categories. The freshwater systems in the 
Southern section hold significant cognitive development, learning and scientific discovery 
values. 
 
Levene’s test showed that the cultural and historical, recreation and spiritual and religious 
categories did not satisfy the assumption of equality of variance. Kruskal-Wallis H tests 
showed that all categories showed highly significant differences for all ES categories against 
section (p < 0.01), except for the cognitive categories. Post hoc comparisons between sections 
are presented in Table C1 in Appendix C, with the Southern section having consistently smaller 
mean ranks corresponding to lower scores. 
 
2.3.3 Accessibility of park and freshwater systems 
2.3.3.1 Park access points 
Of the park’s 20 entry gates, 12 are located in the Northern section, five in the Central section 
and three in the Southern section. The gates at Silvermine accounted for 27.4% (167 responses) 
of the overall access to the park. Only three other sites recorded more than 10%, namely Cape 
Point (92 responses; 15.1%), Newlands Forest (75 responses; 12.3%) and Kirstenbosch (74 
responses; 12.1%). These four areas accounted for 66.9% (408 responses) of all the access 
points to TMNP as reported by park users. Three out of four of these locations are pay-points. 
Sixteen respondents claimed to gain access to the park solely outside the official entry points. 
Four out of five (214 respondents; 80.6%) survey takers admitted to entering the park via 
formal access sites as well as informal (non-official) sites. 
 
2.3.3.2 Proximity to the park 
Respondents hailed from a total of 51 suburbs according to their residential addresses, 29 
(56.7%) of the suburbs abutting on the park (Figure 2.5). Some 80% (41 suburbs; 80.4%) of 
the named suburbs are located within 5 km of the park. Only one suburb reported fell outside 
a 20-km radius from a park boundary. Based on annual household income, the majority (47 
suburbs; 92.1%) of the named suburbs are categorised as either middle- or upper-income 
communities. The annual-income categories of the individual suburbs are represented as H 
(high-income), M (middle-income) or L (lower-income) in Figure 2.5.  
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Figure 2.5: Combined total cultural ecosystem service responses by users of Table Mountain National 
Park’s freshwater systems (numbered from 1 to 39 as listed in Table D1 in Appendix D). The park entry 
points are listed in Table B1 in Appendix B. Suburbs are colour coded according to the number of survey 
participants residing there and are as labelled H (high-), M (middle-) or L (low-) income based on annual 
household income (Statistics South Africa, 2011). 
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2.3.3.3 Distances travelled to the park and freshwater systems 
Respondents were asked how far they travelled to access the park, measured here as the 
distance per return trip in kilometres from their home to a park access point. The average 
distance was measured as 19.3 (SD ± 19.5) km. The shortest distance reported was 1 km and 
the longest was 150 km (round trip). The majority of study participants (171 respondents; 
64.5%) travelled round trips of between one and nine kilometres to visit freshwater systems in 
TMNP. There was a marked decline in the number of participants who walked in the park for 
20 km or more to some freshwater systems, with 93.2% (247 respondents) of the respondents 
reporting their visited freshwater systems to be within 20 km. Distances of more than 30 km 
were reported by only 4 (1.5%) park users. The average return trip to freshwater systems was 
6.8 (SD ± 8.1) km with the shortest recorded as 100 m and the longest at 65 km. These figures 
relate only to water-related excursions and not to other land-based activities in the park. 
 
The Levene’s test scored for level of accessibility indicated that the aesthetics and existence, 
cultural and historical, recreation and spiritual and religious categories did not show an equality 
of variance (Appendix C). Kruskal-Wallis H tests indicated that all ES categories proved highly 
significant (p < 0.01) when scored by accessibility, except for the cognitive development 
category. Easily accessible freshwater systems scored highest across all of the cultural ES 
categories. In each case, ease of access to freshwater systems is a significant driver explaining 
why certain freshwater systems are valued higher than others in TMNP. 
 
2.4 Discussion 
2.4.1 Water as a cultural ecosystem service  
The above results demonstrate that freshwater systems features in TMNP have significant 
cultural ES value, so corroborating findings reported in current literature (Daniel et al., 2012; 
De Lange et al., 2010; Giles-Corti et al, 2005). The highest values recorded in this study relate 
to recreation services. This finding concurs with that of Bolund and Hunhammar (1999) who 
suggested that the recreational aspects of all urban ecosystems are the highest-valued ES in 
cities. High aesthetic and existence values attributed to freshwater systems indicate that visitors 
to TMNP came to appreciate nature, admire the beauty of the landscape and value the existence 
of a natural-state system within an urban setting. Most of the qualitative responses from survey 
takers described the park as an “urban oasis away from the hustle and bustle of city living” and 
“a natural contrast to the steel and concrete of the city”, This is consistent with findings made 
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elsewhere which state that nature appreciation and aesthetic enjoyment were central to urban 
residents using urban natural spaces and protected areas (Daniel et al., 2012; Jim & Chen, 2009; 
Tyrväinen et al., 2007). Although the values for cognitive development, learning and scientific 
discovery, spiritual and religious, and cultural and historical services did not rank as highly as 
the recreation, and aesthetics and existence categories, these remain crucial considerations for 
holistic valuations of cultural ES. A likely explanation for why these categories did not rank 
very highly is that ES are often benefit-dependent in nature (Fisher et al., 2009) and it is 
difficult to express the socio-cultural importance or value of these services (De Groot, 2006). 
Uncertainty and lack of familiarity with the ES being evaluated or the terminology used, raises 
questions about which factors actually influence an individual’s expressed preferences. 
Assigned values should incorporate respondents’ perceptions of the service, the values they 
hold, their associated preferences and the context of the valuation (Bryan et al., 2010b). 
Another possibility for why cognitive development, learning and scientific discovery, spiritual 
and religious, and cultural and historical services did not achieve comparable scores as the 
recreation and aesthetics and existence categories may reside in the survey sample. TMNP 
management only records groups engaged in physical activity as these are often formalised. 
Individuals whose uses of the park mainly fall into the three lower-valued categories, may not 
have been adequately captured. However, some cultural services, such as spiritual and religious 
values, are not intuitively associated with any particular landscape attribute (Alessa et al., 2008; 
Brown, 2005; Plieninger et al., 2013) or feature so that these values may not have been 
adequately captured because respondents may not have articulated these ES in the survey or 
mapping exercises. Further considerations are lack of understanding of the concept of cultural 
ES in those sampled or possible shortcomings in the design of the questionnaire (Gould et al., 
2015).  
 
2.4.2 Clusters of water-related cultural ecosystem services  
The cluster analysis was able to identify distinct user groups (Bryan et al., 2010b; Raudsepp-
Hearne et al., 2010) based on grouping activities relating to cultural services undertaken in 
TMNP. Such analyses explore the association between ES and socio-cultural factors and can 
be used to identify ES clusters based on the social perceptions and values (Oteros-Rozas et al., 
2013) attributed to cultural ES. Notably, there is a distinct difference between active and 
passive users of freshwater systems in the park. Qualitative responses support the findings from 
the cluster analysis in which the majority of users report multiple uses of the park and its 
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freshwater systems, as well as relationships between services. Comments such as “I often go 
for runs and walks in the park to be able to clear my mind, relax or escape the pressures of 
everyday life” should inform park managers to the value of TMNP as an area of significant 
recreational potential as well as spiritual, meditative and aesthetic importance. Others suggest 
that “the park offers an environment where I can take my kids to play or relax and teach them 
about nature”. Interestingly, TMNP is also an area where users share the space with animals, 
including dogs and horses. This clustering of ES allows us to build a deeper understanding of 
how services are bundled together and the identification of positive and negative interactions 
(Bennett et al., 2009) among park users across the spatial extent of the park and through time. 
Once such clusters and bundles have been identified, research to understand the mechanisms 
behind their grouping (e.g. are the ES responding to the same driver or are they interacting) 
can help us better govern and manage the relationships among cultural ES. This includes 
creating synergies and reducing trade-offs in addition to simply avoiding or taking advantage 
of them where they already exist (Bennett et al., 2009). Without this knowledge, we are 
unlikely to take advantage of synergies among ES and will increase the likelihood of incurring 
unnecessary ecological and socio-cultural trade-offs (Bennett et al., 2009; Oteros-Rozas et al., 
2013). 
 
2.4.3 Identified trade-offs and tensions 
Although ecosystems do contribute to urban well-being, they can also impact adversely on 
humans. Such negative aspects must be reviewed (Bolund & Hunhammar, 1999; Carpenter, 
2009; De Groot et al., 2010b; Hein et al., 2006) because they too inform management and 
associated policy where social needs and desires must be met simultaneously with conservation 
agendas. In this study, negative values were assigned sparingly, most notably to built 
infrastructure. Survey responses indicate that conflicts with dogs and/or their owners were 
reported by trail runners, hikers, walking groups and religious orders. Responses from those 
surveyed mentioned seeing a number of dogs “doing their thing” yet their “irresponsible, 
selfish owners” did not clean up afterwards. Accordingly, many users of the park will no longer 
drink from the streams due to perceived health fears from faecal contamination. Others 
commented that “some dogs should not be released from their leashes due to their aggressive 
behaviour towards other dogs and park users”. Generally, the respondents were obliging 
towards and accepted the presence of other park users and their animals, yet disagreements 
were evident between respondents engaging in a number of activities, notably trail runners and 
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mountain bikers with each group claiming that the other “believed they owned the tracks and 
trails on the mountain”. 
 
It is imperative to consider that landscape features offer multiple services, service bundles and 
service clusters (Raudsepp-Hearne et al., 2010; Yang et al., 2015) to various groups and 
individuals based on peoples’ disparate agendas, visions and uses of nature (Fagerholm et al., 
2012; Gobster, 2001) so that tensions and conflicts between users are inevitable. Carpenter et 
al. (2009) have suggested that the quantification of trade-offs among ecosystem services and 
their interactions with human well-being are high-priority areas for research, policy derivation 
and management. A major challenge facing urban park managers is balancing the demands of 
providing for diverse uses while simultaneously preserving the unique qualities of these places 
(Fagerholm et al., 2012; Gobster, 2001). 
 
In this regard, we need to be asking if managers of urban parks are conserving ecosystems 
solely for ecological integrity and resilience or if in fact they are considering the social elements 
of park use (Cumming et al., 2015; Hjortsø et al., 2006; Liu et al., 2008; Palomo et al., 2014)? 
How many of the parks policies and practices consider social-use aspects and is their 
consideration of the park as a SES visible or viable (Ervin, 2003; Hockings, 2003)? If it is 
discovered that park officials are managing resources according to the ES paradigm, we need 
to explore the extent to which different services are being managed and/or prioritised (e.g. 
provisioning services prioritised over cultural services) and if service bundles and clusters are 
considered as part of governance and management strategies. The extent to which TMNP 
officials consider ES in park policies and practices is addressed in chapter 3. 
 
2.4.4 Linking cultural services to the landscape features 
2.4.4.1 State of the freshwater systems 
Natural (flowing) systems have been shown to be vital components of freshwater systems in 
the landscape where they provide a multitude of services and rank significantly high in the 
aesthetics and existence, and spiritual and religious categories. Postel and Richter (2003) earlier 
established that natural rivers and waterscapes are sources of inspiration and deep spiritual 
value, and their intrinsic beauty enhances the quality of life and the landscape through which 
they flow. These natural systems are also important spaces for cognitive development, learning 
and scientific discovery, and also hold recreational importance. Globally, a wide range of sports 
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and other activities are based in and around rivers and streams (Erfurt-Cooper, 2009). The 
negative values this study’s respondents attributed to the natural (flowing) freshwater systems 
were almost negligibly low, indicating that respondents greatly favour natural systems and 
frictions regarding waterways are limited. 
 
Although some respondents assigned negative values to the dams and reservoirs in TMNP, this 
built infrastructure scored a combined cultural ES total almost equal to that of the natural 
(flowing) freshwater systems. The dams and reservoirs were rated high as aesthetic and 
recreational areas where frequent participation in outdoor activities is possible and where 
health and well-being benefits accrue. Many of these dams and reservoirs in TMNP are readily 
accessible along well-used trails and paths, and they are popular swimming sites. This confirms 
the critical role of freshwater systems in accessing ES in urban environments (Andersson et al., 
2015; O’Farrell et al., 2012). Human-made interventions are thus vital elements of the 
landscape for providing multiple and key resources. 
 
2.4.4.2 Proximity to park 
The location of urban parks relative to their potential users is important in assessments of 
accessibility (Kaczynski et al., 2009; Neuvonen et al., 2007) and it is a governing factor in park 
visitation (Wong, 2009). In this study respondents who live close to TMNP use it more 
frequently, on average, than people who live farther away. This finding is echoed in earlier 
research undertaken by Neuvonen et al. (2007). Communities bordering a conservation area 
like TMNP have the potential to benefit from their proximity to a natural area, uninterrupted 
views and easy access to nature (Standish et al., 2004). People living on properties not 
bordering on the park, but located within walking distance or a short commute to it enjoy the 
benefit of being able to easily access recreational and other nature-based opportunities.  
 
Studies found that residents have expressed that the maximum distance to a recreation area 
should not exceed one kilometre (Hörnsten & Fredman, 2000), be close enough to be accessed 
within a five-minute walk (Tyrväinen et al., 2007) or be within five kilometres of a park when 
travelling by car (Cutts et al., 2009; McCormack et al., 2006). This study confirms this latter 
view in that the majority of users were prepared to travel up to 10 km (round trip) to access 
TMNP. Having to travel long distances has been indicated as one of the main reasons not to 
use urban green areas (Kaczynski et al., 2009; Tyrväinen et al., 2007) and the freshwater 
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systems present in them (Wagner et al., 2013). Contrarily, other studies have suggested that it 
is unlikely that the total travel distance is a significant barrier to park use (Tinsley et al., 2002). 
Individuals with a greater level of attachment to TMNP or a higher level of commitment to 
gaining benefit from the park might be more willing to travel greater distances to reach their 
preferred areas in the park. This is evident in the willingness of survey participants to travel to 
the park’s far-flung Southern section to benefit from water-related services concerning 
cognitive development, learning and scientific discovery.  
 
Research on how demographic characteristics interact with proximity variables to predict 
physical activity that occurs within parks may be useful for facilitating the activity-related 
potential of this element of the built environment (Kaczynski et al., 2009). Of the suburbs 
recorded by survey responses, the majority (47 suburbs; 92.1%) are categorised as either 
middle- or upper-income communities based on annual household income figures (Statistics 
South Africa, 2011). These households benefit not only from proximity to the TMNP but are 
also wealthier communities and may therefore be more willing (or able) to pay for access to 
the park. The willingness and ability to pay for services will be discussed more in chapter 4.  
 
Certainly, in the context of TMNP, historical spatial legacies due to apartheid spatial planning 
has in the past defined the demographics of park users. This appears to persist today (Lemanski, 
2007; Turok, 2011) with areas of extreme wealth and as opposed to others of abject poverty. 
As is seen in other parts of the world, wealthy households can access urban parks more readily, 
often due to proximity of residences to park boundaries, ability to afford park fees or 
willingness (ability) to travel (Barbosa et al, 2007; Germann-Chiari & Seeland, 2004; 
Schipperijn et al., 2010; Sister et al., 2010; Talen, 1997). However, one should not consider the 
uses and user groups of the park as solely due to social or economic limitations due to historical 
legacies. One should also consider cultural factors too. In some cases, different demographic 
groups opt to use completely separate spaces for cultural reasons and service provision (Floyd, 
1999; Gobster, 2001; Ho et al., 2005). Lower participation or use of certain areas rather than 
underrepresentation cannot be discounted in the context of TMNP.  
 
2.4.4.3 Levels of accessibility 
With the greatest number of access points in the Northern and Central sections, it was to be 
expected that these entrances would be favoured. This is primarily due to three factors, namely 
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proximity to the majority of the users of the park, the variety of freshwater systems found in 
these sections and the level of access to these freshwater systems. Although the Southern 
section has the greatest number of freshwater systems, this section has the fewest human-made 
and natural (flowing) systems which this study shows to be the favoured destinations. Formal 
access points to the Southern section are limited to three, all of which are pay points.  
 
Disproportionate lack of access to freshwater systems has come to be seen as both a social and 
environmental injustice (Dahmann et al., 2010) and this scarcity may reduce visitation by 
economically disadvantaged groups (Chung et al., 2011). Entrance fees to natural attractions 
have significant equity, economic, administrative and political implications (Reynisdottir et al., 
2008) and apt to place constraints on some segments of society (Chung et al., 2011; Daw et al., 
2011). This is a key area where the park administrators can implement specific management 
strategies to address these issues and rebrand the park to a broader society. Table Mountain 
National Park functions as an open-access system as most of the park is unfenced with few 
entry pay points, so negating some of the arguments regarding financial accessibility 
limitations. Reynisdottir et al. (2008) found that paying fees to access parks, or in the case of 
TMNP access to certain areas in the park, does not cause a dramatic reduction in demand. This 
is evident where the most reported-as-used entrance points to TMNP charge entry fees. Pay 
sites may also experience reduced crime rates, as security measures are in place to redress 
safety concerns. According to Chung et al. (2011) further reasons for respondents being 
prepared to pay to access certain areas in a park like TMNP relate to their attitude toward the 
environment, a site’s attributes or attractions as well as cultural significance of an area. 
Distance to these sites does not appear to be a limiting factor. Respondents claimed that they 
“did not mind travelling… because the environment in some places of the park is almost 
untouched”. 
 
When examining distance from entry points to freshwater systems, it became clear that certain 
entry points were favoured over others due to their location in the landscape and the freshwater 
systems near them. Most notable are the values for cognitive development, scientific learning 
and discovery which are not as spatially bounded like those for recreation or aesthetics and 
existence which are located nearest to populous areas. The distance people will travel to reach 
these natural refuges for specific service benefits is evidence of the significant value of these 
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landscapes and resources, albeit that previously disadvantaged communities are further 
disadvantaged due to travel costs associated with travelling large distances to access the park.  
 
Evidence from other studies suggests that these findings may indicate other features of these 
environments such as their remoteness or lack of human constructions (White et al., 2010). 
This appreciation could lead to a rising demand for wilderness and remoteness in the future 
(Boller et al., 2010) and managers should engage more with park users across different socio-
economic circumstances to understand this particular preference, which will become 
progressively critical with population growth in Africa and the reality that such areas will 
become harder to secure. 
 
2.5 Conclusion 
In light of growing population numbers in urban settings, demands placed on cultural ES will 
grow. The findings reported in this chapter provide insights into how visitors to urban 
conservation areas recognise, use and place importance on urban cultural ES which to date 
have not been adequately explored, particularly in the context of an African developing 
country. These conservation areas are also vital areas for the generation of provisioning and 
regulating ES which flow into urban areas (discussed more in chapter 3, 4 and 5). This study 
shows significant use and appreciation of the cultural ES offered by TMNP with respect to 
freshwater systems. People use the park to undertake a variety of water-related physical 
activities, to enjoy the aesthetics of the environment, to reflect and learn, and for spiritual 
reasons, all of which are in keeping with findings in the international literature. This chapter 
highlighted that both the built and blue infrastructure are equally important in producing 
cultural services by being assigned similar values across all of the ES categories and meeting 
the needs of diverse user groups. These findings are significant and should be addressed by 
managers of TMNP to ensure the sustainable and equitable use of the park’s freshwater 
systems. The possible opening up of other freshwater systems in TMNP could ensure a greater 
and wider spread of cultural services across the park. The results indicate that while users were 
prepared to travel substantial distances to the park and within the park to access cultural 
services, more easily accessed systems and sections of the park had higher visitation rates. 
Paying to enter at access points was not found to be a deterrent to visitation. Numerous other 
socially and culturally informed factors can serve as barriers of access and while they were not 
addressed here the high value of cultural uses for communities adjacent to the park is evident, 
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with less representation from farther-located neighbourhoods suggesting that other barriers are 
in place. It can be argued that built and blue infrastructures are vital cultural features of this 
landscape so providing multiple and key services in this urban context with noted varying 
degrees of use and varying tensions between the different user groups. Management of TMNP 
should embrace the findings that cultural services are important and that these ES can be 
enhanced by creating more opportunities across both built and blue infrastructure. By gaining 
a better understanding of the cultural needs of urban residents derived from ES and service 
bundles in protected areas, managers of both urban parks and the cities which benefit from the 
parks can enhance, protect and govern and manage ES provision effectively and equitably. 
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CHAPTER 3. LINKING MANAGEMENT PERCEPTIONS, 
POLICIES AND PRACTICES TO WATER-RELATED 
ECOSYSTEM SERVICES IN TWO URBAN NATIONAL 
PARKS 
 
3.1 Introduction 
Protected areas have been the dominant means of conserving biodiversity across the world for 
decades (Dudley et al., 2011; Gaveau et al., 2012; Palomo et al., 2014). This is often achieved 
by focussing on maintaining the ecological integrity of landscapes and the ecosystems they 
contain (Cumming et al., 2015; Liu et al., 2008), including freshwater systems. Protected areas 
are now considered part of a broader social, cultural and social-economic landscape (Hjortsø 
et al., 2006) and management approaches need to incorporate social-ecological systems (SES) 
thinking (Cumming et al., 2015; Palomo et al., 2014). Protected areas including those closely 
linked to, or falling within, city boundaries deliver a variety of ecosystem services (ES) 
(Cumming et al., 2015; Dudley et al., 2011; Palomo et al., 2013). In some parts of the world 
cities depend heavily on protected areas to provide key resources and benefits, including the 
provision of fresh water and water-related ES (McDonald et al., 2009; Palomo et al., 2013; 
Ramachandraiah & Prasad, 2004), such as those reported in the preceding chapter (see chapter 
2). In urban settings protected-area managers must grapple with myriads of social issues 
emerging from the particular context of the city that are beyond the primary ecology of the 
park (Trzyna et al., 2014). This is a mounting challenge as protected areas are under increasing 
pressure from issues associated with urbanisation (Grimm et al., 2008) particularly in 
developing countries where urbanisation rates exceed the current and historical trends of 
developed countries (Bakker, 2003). 
 
In many developing countries, including South Africa and Brazil, there is a high degree of 
socio-political, cultural and economic diversity and heterogeneity within the population (Chan 
& Costa, 2005) which influences water provision, access to fresh water and water conservation 
and management (Bakker, 2003; Rigg, 2007). These factors experienced in developing 
countries are quite distinct from those in more developed countries (Rigg, 2007) and range 
from the large disparities in socio-economic levels (Crow, 2001) through to the nature of 
environmental impacts (Carmin et al., 2012). The relationships between socio-economic and 
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environmental factors influencing freshwater provision in developing countries highlight the 
need for a SES approach to protected area management. 
 
There is significant under-representation of research and literature emerging from developing 
countries (Nchinda, 2002; Parnell et al., 2009; Rigg, 2007; Sumathipala et al., 2004), regarding 
roles of protected areas and local-level management in the safeguarding of freshwater resources 
and the provision of freshwater ES to urban residents in developing cities (Hockings, 2003; 
Hockings et al., 2006; Lockwood et al., 2012). Several studies have considered ES provision 
in urban settings in relation to water, but these have mainly considered water flows and flow 
regulation, as well as the regulation of water quality (Bennett, 2008; Brauman et al., 2007; 
Egoh et al., 2009; Le Maitre et al., 2007; Mehaffey et al., 2005; Nel et al., 2013; Pires, 2004; 
Roy et al., 2008; Turpie et al., 2008). All of these studies point to the growing recognition of 
the importance of ES provision from freshwater ecosystems as well as the need for informed, 
effective and sustainable management of these systems (Carmin et al., 2012). Understanding 
the context of local-level management and the inclusion of concepts such as ES as part of a 
broader SES approach to protected-area management requires an understanding of the current 
manager perceptions and opinions of existing governance and management structures and 
frameworks relating to these services (Ervin, 2003; Hockings, 2003). These are often 
determined by managers’ values, personal attributes and frames of reference (Hockings, 2003; 
Xu et al., 2006). This investigative process of gathering perceptions leads to informed 
discussions about necessary adjustments to current and future governance and management 
(Ghimire & Pimbert, 2013) of freshwater resources in urban protected areas (Dudley et al., 
2011).  
 
The aim of this study was to explore the context informing the governance and management of 
freshwater resources in two urban national parks in developing countries, namely Table 
Mountain National Park (TMNP) in Cape Town, South Africa and Tijuca National Park (TNP) 
in Rio de Janeiro, Brazil. This was achieved by uncovering the extent to which park managers 
have acknowledged and incorporated the ES concept in management policies and practice. 
Interviews with park managers highlighted their individual and accumulative opinions toward 
freshwater governance and management, as well as to areas of operations relating to ES 
provision and SES which corresponded or clashed with park-related policies. Based on these 
emerging findings, ways are suggested by which agencies can better integrate the ES concept 
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as part of a SES approach into practice and in so doing engage more directly with critical social 
issues. 
 
3.2 Methods 
This study considered the perceptions and views of park management toward ES governance 
and management in an urban national park in South Africa and Brazil. A mixed-methods 
approach was adopted to incorporate managers’ opinions quantitatively with qualitative 
narrative gleamed from interviews (Creswell, 2014). This study is founded on the concept of 
grounded theory with respect to the relationships between individual perceptions and collective 
action (Annells, 1996) and considers the epistemological relationships between the opinions of 
park managers and what can be drawn from park policies relating to ES governance and 
management. Additionally, this study developed a simple stated-opinion framework based on 
responses from interviews with park managers in TMNP in Cape Town, South Africa and TNP 
in Rio de Janeiro, Brazil, which explored individual opinions of protected area managers as 
well as their cumulative understandings of the emerging views toward inclusiveness of the ES 
and SES concepts in a developing-country context. 
 
3.2.1 Study sites 
The study sites were selected based on three criteria: the protected areas are national parks; the 
parks encompass a number of freshwater systems; and the parks are located in large urban 
centres. 
 
3.2.1.1 Study site 1: Table Mountain National Park, Cape Town, South Africa 
Proclaimed in 1998, TMNP covers an area of 265 km2 and comprises three sections (Northern, 
Central and Southern sections) (Figure 3.1). The park is South Africa’s only large urban 
national park and is almost entirely surrounded by the metropolitan city of Cape Town (Trzyna 
et al., 2014). TMNP is the most visited of all of South Africa’s national parks, receiving over 
4 million visitors per year of whom 2.8 million are residents of Cape Town (Daitz & Myrdal, 
2012). Prior to establishment as a national park, the park was a series of protected areas 
managed by 14 separate public bodies and, as a result, the earlier conservation management of 
the area was uncoordinated and fragmented (Van Wilgen, 2012). The park is now governed by 
a single parastatal agency, South African National Parks (SANParks), and directed by national-
level legislation with co-management arrangements guided by municipal policies (SANParks,  
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Figure 3.1: Table Mountain National Park in Cape Town, South Africa 
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2015). One reason for the park remaining relatively undeveloped was its serving as an 
important mountain catchment area for fresh water for Cape Town (Nel et al., 2013). The park 
contains a number of natural and human-made freshwater systems which serve important 
ecological functions and deliver important ES to park users (Holmes et al., 2012). The park 
obtained World Heritage Site status in line with its global importance as a hotspot of 
biodiversity (Trzyna et al., 2014; Van Wilgen, 2012).  
 
3.2.1.2 Study site 2: Tijuca National Park, Rio de Janeiro, Brazil 
Proclaimed in 1961 and covering an area of some 40 km2, TNP comprises four sections (Figure 
3.2) (Trzyna et al., 2014). TNP is located in the eastern portion of Rio de Janeiro and governed 
by the Chico Mendes Institute for Biodiversity Conservation (Instituto Chico Mendes de 
Conservação da Biodiversidade (ICMBio)). Governance of the park is coordinated by a 
multiparty council, comprising representatives from the Ministry of the Environment, the state 
water agency, the local police service, non-governmental organisations and the public and 
private sectors (Trzyna et al., 2014). Park-management policy is directed at national, state and 
municipal levels (ICMBio, 2008). TNP is the most visited of all national parks in Brazil and 
receives between 2 and 3 million visitors a year (Trzyna et al., 2014). The park, and in particular 
the Tijuca Forest, resulted from government reclamation and conservation policies in efforts to 
recapture water for Rio de Janeiro (Drummond, 1996). The park still functions as an important 
water-catchment area for the city (Coelho-Netto et al., 2007). TNP holds a high level of 
biological diversity and structural complexity, and it offers significant opportunity for 
conservation and ES provision (Matos et al., 2002). The park is within a World Heritage Site 
and is internationally recognised for its ecological, cultural and historical importance (Matos 
et al., 2002; Trzyna et al., 2014). 
 
3.2.2 Interviews with park officials  
Face-to-face interviews were held with park management in Rio de Janeiro and Cape Town in 
May and June 2013 respectively. Interviews were based on a questionnaire comprising 24 
open- and closed-ended questions (Appendix E). The questionnaire was largely informed by 
the literature and considerations from the cultural-services chapter (Chapter 2). The 
questionnaire interrogated managers’ understandings of the beneficiaries of fresh water in their 
park, the uses of water as it flows out the park, water management, policies and legislation, 
agencies and agreements, as well as water-related issues faced by park officials. Interviews 
were preferred as opposed to handing out questionnaires as the former generally have higher  
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Figure 3.2: Tijuca National Park in Rio de Janeiro, Brazil 
 
participation rates (Cozby & Bates, 2011; Patton et al., 2015). Interviews were conducted in 
English. An interpreter was used when interviewing the managers of TNP as Portuguese is the 
first language of most conservation officials in Brazil. Four interviews were conducted with 
TMNP officials, namely the three park-section managers and the manager of scientific services. 
The most senior park manager of TMNP declined to participate in the study. Interviews were 
conducted with the park manager and the deputy manager of TNP. The sample size represents 
some 86% of all management personnel in the two parks. The interviewed management 
officials were selected as candidates because of their operational experience, knowledge of the 
local system and exposure to park management policies (Busch et al., 2012). Their views and 
perceptions are considered vital as they inform the daily operations of the parks in meeting key 
conservation and development objectives. 
 
3.2.3 Analyses of survey responses 
This study focussed on both qualitative and quantitative data, which highlights the perceptions 
and opinions of park officials toward ES governance and management (Busch et al., 2012; 
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Carpenter et al., 2009; Hockings, 2003). Qualitative research methods enabled the interviews 
to be considered for meaning, examine institutional and social practices and processes, identify 
barriers and facilitators to change, and discover the reasons for the success or failure of 
governance and management structures (Creswell, 2014; Starks & Trinidad, 2007). 
Quantitative analyses considered the individual opinions of managers in each of the urban 
parks. A stated-opinion framework was developed for the analyses and an adapted ratings 
(coding) system was used to augment and explore the concepts of management perceptions and 
experience. The coding used in this chapter allowed for the sorting and arranging of data into 
themes for analysis (Glaser & Laudel, 2013). Categories of codes included words, phrases, or 
sentences and allowed for emerging themes to be extracted and transformed into a form that is 
understandable and speaks to the research questions (Saldana, 2015).  
 
The qualitative analysis is loosely based on grounded theory by examining concepts, 
perceptions, opinions and direct experiences of park managers grounded in the data from which 
one can develop an explanatory framework upon which to determine the state of a system or 
design interventions (Barkmann et al., 2008; Boxall et al., 1996; Ervin, 2003; Hockings, 2003; 
Starks & Trinidad, 2007). This entailed sampling those individuals who have directly 
experienced or been exposed to the processes under investigation, by observing participants in 
areas where processes take place under different conditions and allowing them to describe their 
experiences and opinions during which they are probed for detail and clarity (Starks & 
Trinidad, 2007).  
 
Three options were provided in the developed ratings system, namely ‘yes’ denoting a positive 
response or presence; ‘no’ denoting a negative response or absence; or ‘somewhat’ denoting a 
partial positive response or presence. These options were adapted from the rapid-assessment 
method used by Ervin (2003). To supplement the simple ratings additional information was 
used as provided by management officials in narrative responses to explain or qualify a rating 
as well as quantitatively by analysing the proportion of individual managers in each park that 
held a particular opinion. These data are based on the perceptions and opinions of protected-
area managers who likely have years of field-level experience.  While we did not interrogate 
the system entirely the responses from park managers presumably provide an explanatory 
picture and rich narrative that capture the realities and complexities of the protected areas under 
review (Busch et al., 2012; Starks & Trinidad, 2007; Tsoukas & Vladimirou, 2001). 
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3.2.4 Cross-checks of perceptions and policies 
The responses of park managers derived from the interviews and developed into the stated-
opinion framework were compared with the contents of park-management plans for TMNP 
and TNP. Park-management plans are the technical documents containing the guidelines and 
necessary activities required for the two national parks to reach their management and 
development objectives. The park-management plans were studied in their entirety to 
determine the levels to which responses from park managers relating to freshwater, ES and 
SES corresponded or clashed with what is written in these plans. The most recent management 
plan for TMNP sets out the park’s management objectives for 2015 to 2025 (SANParks, 2015). 
The management plan for TNP is dated 2008 (ICMBio, 2008) and was professionally translated 
from Portuguese into English. 
 
3.3 Results 
3.3.1 Access to and use of freshwater resources in TMNP and TNP 
Managers in both TMNP and TNP were questioned about those who access and use fresh water 
in the two parks (Table 3.1). All managers believe that freshwater resources are used 
extensively for recreational purposes. Park operations account for between one fifth and a 
quarter of all water use. In TNP, the state-water company is believed to account for 35% of 
water use, while the City of Cape Town is perceived to use only 5% of water in TMNP. Park 
managers in TNP did not list tourists as a potential user group of fresh water in the park while 
managers in TMNP perceive tourists to account for some 15% of freshwater users in the park. 
In both parks, 10% of user groups listed are comprised of a combination of firefighters, 
researchers, squatters, religious groups and/or park neighbours and concessions. 
 
Table 3.1: Percentage contribution (%) of user groups which access fresh water as perceived by park 
managers in Table Mountain National Park (TMNP) in Cape Town, South Africa and Tijuca National Park 
(TNP) in Rio de Janeiro, Brazil 
 User groups TMNP (%) TNP (%) 
Who 
accesses 
fresh water 
in the park? 
Recreational users/city residents 50 30 
The park 20 25 
Water companies and/or municipality 5 35 
Tourists in the park 15 0 
Park neighbours and/or park concessions 3 5 
Abstraction by illegal park residents 1 5 
Researchers 3 0 
Firefighters 2 0 
Religious groups 1 0 
TOTAL  100 100 
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Manager’s state that access to fresh water and freshwater systems in the park is equitable with 
everyone afforded equal opportunities for access and use (unless designated no-use areas) 
(Table 3.2). Managers of TMNP asserted that “everyone has equal access to water in the park 
except where they have to pay entrance fees to access certain areas or where certain freshwater 
systems are cordoned off for safety reasons.” Officials in TNP conceded that “some people 
gain more from water in the park, although everyone can come to the park without prejudice.” 
Illegal activities were reported to occur in and around freshwater systems, mainly the illegal 
abstraction of water for home consumption. 
 
Table 3.2: Stated-opinion responses from interviews with park managers relating to water-related ES 
governance and management in Table Mountain National Park (TMNP) (Cape Town, South Africa) and 
Tijuca National Park (TNP) (Rio de Janeiro, Brazil) 
Factor Question 
Answers 
Yes Somewhat No 
G
o
v
er
n
a
n
ce
 
Is water in the park governed by national and/or 
provincial/state policies? 
TMNP 
TNP 
  
Is water in the park governed by local and/or 
municipal policies? 
 TMNP 
TNP 
 
Is water in the park governed by park policies?  TMNP 
TNP 
 
Are there issues with scaling, applicability and 
site-specific relevance of policies? 
TMNP 
TNP 
  
Is the concept of ecosystem services included in 
any policy document used by the park? 
 TMNP 
TNP 
 
Is there consideration of coupling social-
ecological systems in park policies? 
 TMNP 
TNP 
 
M
a
n
a
g
em
en
t 
Are there management agreements between local 
authorities and park management? 
TMNP 
TNP 
  
Is more communication needed between water 
management agencies? 
TMNP 
TNP 
  
Is there sufficient management capacity for water 
in the park? 
 TNP TMNP 
Are water-related ecosystem services managed in 
daily operations? 
  TMNP 
TNP 
Are there indicators and spatial assessments of 
ecosystem services to gauge use, values, impacts, 
trade-offs across space and over time? 
  TMNP 
TNP 
Does management ensure equitable access to water 
resources? 
TMNP 
TNP 
  
Are there illegal activities around water? E.g. 
illegal abstraction 
TMNP 
TNP 
  
 
When asked if access to fresh water in the parks has changed over time, all managers intimated 
that there has a been a mainly positive change to freshwater access and use. In TMNP, all 
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managers perceived an increase in recreational activities in and around freshwater systems. 
One manager suggested that there has been a reduction in water abstraction in the park. In TNP, 
both managers interviewed believe there to be an improved amount of fresh water in the park 
due to reforestation and enhanced land-management activities as well as an increase in visitor 
numbers to the park and its freshwater systems due to crime and safety concerns being 
addressed. Half of the managers in TMNP believe there to be a greater number of illegal 
activities regarding freshwater use, including illicit abstraction and recreational activities in 
and around dams designated for potable water storage, while one manager believes that 
developments in some parts of the park have reduced the level of access to some freshwater 
systems.  
 
3.3.2 Governance of fresh water in two urban national parks  
The park managers’ responses indicate that fresh water in TMNP and TNP is principally 
governed by national- and/or state-level legislation and policies and to a lesser degree by 
municipal laws and bylaws as well as park policies (Table 3.2). Responses by the interviewees 
in both parks suggest that all the national- and/or state-level conservation policies present 
significant challenges to local-level park management. Difficulties in scaling down, 
applicability and site-specific relevance of national legislation or state-level policies to the 
reserve level are listed as concerns by managers of both parks. One manager in TMNP 
suggested that “it is extremely difficult to apply national legislation in the local context as each 
national park comes up with its own set of ecological issues and opportunities.” Some of the 
concern regarding the applicability of national legislation at the local level relates to the 
ecological and hydrological functioning of rivers, whereby park management may want to 
influence the flow of a river, use water for certain activities or maintain a certain level of quality 
or quantity. Each of the aspects are reported by those interviewed to be mandated by national 
water legislation in both South Africa and Brazil and therefore need to be considered when 
devising strategies and policy in the parks despite limitations in the specifics of freshwater 
management in protected areas and how to implement national guidelines at the local level. 
One manager in TNP went so far as to say that “these laws limit the autonomy of the park’s 
management in self-governing the water resources”. 
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3.3.3 Management arrangements for fresh water in TMNP and TNP 
All managers believe that park-management plans are the policy instruments from which 
water-management instructions originate (Tables 3.2 and 3.3). However, respondents in both 
parks stated that water management is only somewhat directed by their parks’ management 
plans, with no specific guidelines on how to manage water resources in an urban-park context. 
TMNP officials suggested that “water in the park is managed according to national legislation 
on ecological conservation without much consideration of the social factors.” Similar 
sentiments were expressed by management in TNP, namely that “there is a desperate need for 
park policies to consider and include the water-related needs of city residents, and move away 
from strict landscape and ecological management.” Interviewees in both parks claimed that ES 
are mentioned in some park-management policies and in national, state, municipal or local laws 
and ordinances, mainly to ensure biological and habitat protection, with little consideration 
given to SES, although provisioning of fresh water and the recreation potential is considered 
in some policies. Qualitative responses by managers of both parks pointed out that “ecosystem 
services are listed in park-management plans, but no mention is made of what these services 
are and how we go about measuring or managing them.” 
 
Restriction of recreation activities in the park and the reduction of deforestation and/or the 
removal of alien vegetation was reported by the majority of managers as a means of managing 
freshwater resources (Table 3.3). The same proportional result was reported for better water-
quality management when discussing changes in water management over time. Overall, 
managers in TNP show greater accord in personal opinions on matters relating to freshwater 
management with only three responses generating less than full agreement. The converse is 
evident in TMNP, where only five responses were listed by all managers interviewed. 
Managers in TMNP listed many more opinions and options when questioned, which were not 
mentioned by managers in TNP. 
 
The park managers recognise agreements between their park and local authorities to monitor, 
measure and manage fresh water in the parks (Tables 3.2 and 3.3). In both cases, it was revealed 
that more communication is required between park management and national and municipal 
agencies in order to adequately and effectively manage fresh water and the ES derived from 
these systems. The park managers voiced that “there is often limited communication between 
the parties responsible for water management. Everyone has a say, but we are just not talking 
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to each other.” Managers of TMNP declared that there is insufficient capacity for water 
management in that park, indicating that they “are too stretched already trying to focus on 
returning the landscape to a near-natural state. We don’t have enough personnel to focus just 
on water in the park.” An opinion of a manager in TNP is that there should be a greater level 
of cost sharing in freshwater management among agencies and users in order to ensure 
adequate and effective management of water resources. 
 
Table 3.3: Percentage of managers’ perceptions assigned to water-related park-management questions in 
Table Mountain National Park (TMNP) in Cape Town, South Africa and Tijuca National Park (TNP) in 
Rio de Janeiro, Brazil. A – (dash) refers to a response which is not application in that park or context. 
 
 
TMNP 
(%) 
TNP 
(%) 
Where do the 
instructions 
for water 
management 
come from? 
National laws 100 100 
Park-management plans 100 100 
Municipal bylaws and policies 25 100 
Catchment-management plans 50 - 
How is water 
managed in 
the park? 
Restriction of recreation activities 100 100 
Reduction of deforestation and/or alien vegetation 75 100 
Protection of headwaters - 100 
Monitor water quality 75 0 
Rivers and streams left untouched 50 0 
Managing development inside the park 0 50 
How has 
water 
management 
changed? 
Better water-quality management 75 100 
More visitor/user management 100 0 
Enhances protection of headwaters and freshwater 
systems 0 100 
Management of reforestation and/or alien 
vegetation 0 100 
 Monitoring and evaluation 100 0 
How can 
water 
management 
in the parks 
be achieved? 
Limit/control water abstraction 0 100 
Improved agreements with project partners 75 0 
Improved relationships with communities 75 0 
Liaison with national agencies 50 0 
Liaison with municipal agencies 50 - 
Applying a payment for ecosystem services 
scheme - 50 
Ensure cost sharing among agencies and users - 50 
Dealing with neighbours and developers 25 0 
 
Accumulatively, TNP managers suggest that water management is somewhat sufficient (Table 
3.2), responding that “park officials know to prioritise water management as water is critical 
to the park and the people of Rio.” Both park management averred that there had been no 
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development or use of ES indicators or spatial assessments undertaken to gauge use, values, 
impacts or disservices across the spatial extent of their park. There was consensus that there is 
no consideration of ES in daily operations, despite certain activities, such as ecotourism, being 
high on park-management agendas. Responses from managers at TMNP affirmed that “most 
of the people who work in the park have never even heard of the concept of ecosystem services, 
let alone know how to manage or conserve them.” 
 
3.3.4 Safeguarding fresh water in TMNP and TNP 
All managers listed pollution control and water quality as important aspects of safeguarding 
and conserving fresh water in TMNP and TNP (Table 3.4). The majority of the managers also 
consider riparian vegetation management and alien clearing as important measures in 
preserving fresh water in the parks. TNP management showed greater levels of accord between 
their opinions on what constituted water-related problems in their park, specifically around 
issues of abstraction, development inside or around the park as well as considerations of 
payment for ecosystem service schemes.  
 
Table 3.4: Percentage of managers’ perceptions assigned to questions relating to the safeguarding and 
conservation of fresh water and water-related problems in Table Mountain National Park (TMNP) in Cape 
Town, South Africa and Tijuca National Park (TNP) in Rio de Janeiro, Brazil. A – (dash) refers to a 
response which is not application in that park or context. 
  
TMNP 
(%) 
TNP 
(%) 
What are 
the 
important 
aspects of 
safeguardi
ng and 
conserving 
fresh 
water? 
Pollution control 100 100 
Water quality 100 100 
Riparian vegetation management and alien clearing 75 100 
Maintaining/improving ecosystem functions and processes 100 0 
Managing water abstraction 0 100 
Facilitating payment for ecosystem services - 100 
Better land-use planning - 100 
Conserving biological diversity 100 0 
Cultural use value 50 0 
Maintaining natural seasonal flow 50 - 
What are 
the water-
related 
problems 
faced in 
the park? 
Unknown level of illegal water abstraction, lack of control, 
abstraction in dry months 50 100 
Development inside or on park boundary 50 100 
No payment for ecosystem services - 100 
Pollution control 100 0 
Users do not contribute to conservation of fresh water  - 50 
No communication regarding water-use licenses 25 - 
Manipulation of water courses and stormwater channelling 25 - 
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3.3.5 Validating perceptions in park management plans 
Overall, most of the accumulative opinions of park managers corresponded with what is written 
in park-management plans (Table 3.5). In TMNP and TNP the dominant perceptions were 
consistent with park policy. Generally, the managers of both parks manifested similar 
perceptions. A notable exception is the perception that management capacity regarding water 
in TMNP does not meet what is offered in the park’s management plan. All of the discrepancies 
relate to the concept of ES and the governance and management of water. 
 
Table 3.5: Comparison to determine whether the perceptions of park management toward governance and 
management correspond or clash with park-management plans in Table Mountain National Park and 
Tijuca National Park 
Factor Perception 
Park management plans 
Correspond Clash 
G
o
v
er
n
a
n
c
e 
Water in the park is governed by national and/or 
provincial/state policies. 
TMNP 
TNP 
 
Water in the park is governed by local and/or 
municipal policies. 
TMNP 
TNP 
 
Water in the park is governed by park policies. 
 
TMNP 
TNP 
There are issues with scaling, applicability and 
site-specific relevance of policies. 
TMNP 
TNP 
 
The concept of ecosystem services is included in 
policy documents used by the park. 
TMNP 
TNP 
 
There is consideration of coupling social-
ecological systems in park policies. 
TMNP 
TNP 
 
M
a
n
a
g
e
m
e
n
t 
 
There are management agreements between local 
authorities and park management. 
TMNP 
TNP 
 
More communication is needed between water 
management agencies. 
TMNP 
TNP 
 
There is insufficient management capacity for 
water in the park. 
TNP TMNP 
Water-related ecosystem services are not 
managed in daily operations. 
 
TMNP 
TNP 
There are no indicators and spatial assessments 
of ecosystem services to gauge use, values, 
impacts, trade-offs across space and over time. 
TMNP 
TNP  
Management ensures equitable access to water 
resources. 
TMNP 
TNP 
 
There are illegal activities around water? E.g. 
illegal abstraction 
TMNP 
TNP 
 
 
60 
 
3.4 Discussion 
3.4.1 Contributions of developing-country studies to the literature 
The paucity in literature emanating from developing countries when compared to that 
originating in more developed countries is well documented (Chan & Costa, 2005; Edejer, 
1999; Parnell et al., 2007). Reasons for this asymmetry are many, ranging from institutions and 
researchers in developing countries often having little or no access to the research literature 
published in more developed countries due to the high cost of journal subscriptions (Chan & 
Costa, 2005) through to the lack of adequate training of scientists in data collection and 
assimilation and academic writing (Nchinda, 2002). Cities are useful starting points for 
research undertakings in developing countries as they represent cases where there is growing 
interest and recognisable activity in terms of both enhanced theoretical and applied work 
(Parnell et al., 2007). This study highlights some of the governance and management 
challenges and opportunities faced in two large urban protected areas in developing countries. 
The advantages of such a South-South study include building autonomy for defining research 
priorities according to shared problems and producing knowledge applicable to similar contexts 
and needs (Razzouk et al., 2010) based on the perceptions and opinions of urban park managers. 
 
3.4.2 Value of perceptions and opinions 
The opinions and perspectives of protected area managers are believed to be the foundation on 
which many decisions taken in the parks are based (Hockings, 2003; Xu et al., 2006). To 
improve the efficacy of protected-area management it is vital to elucidate the differences 
between what is documented in park-management policies relating to the management of 
protected area landscapes and landscape features and what is being translated into management 
actions on the ground based on the opinions and perspectives of those in charge. Protected-area 
managers are considered custodians of local-systems knowledge, based on their operational 
experience and exposure to various policies relating to park management (Busch et al., 2012). 
The mixed-methods approach used in this study, in combination with a grounded theory rubric, 
enabled a delving into the individual and accumulative levels of accord or discord between 
park-management policy and practice as perceived by park managers based on their 
understanding of institutional and social practices and processes associated with their 
respective protected areas (Creswell, 2014; Starks & Trinidad, 2007).  
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3.4.3 Validations and vexations 
The exploration of managers’ perceptions of the governance and management of water-related 
ES in two urban protected areas showed an overall accord between what is held as opinion by 
park managers and what is reported in park-management policy. When the opinions of 
managers are considered individually, it is clear that there is some divergence between the 
perspectives of managers operating in the same park. The reasons for this could be many, 
including duration of time spent in a managerial capacity, seniority of the manager or even just 
the interest in freshwater ES management (Busch et al., 2012). There is scope for further 
research that considers the nuances in management between intra-park managerial opinions, 
management opinions in developing countries and ultimately between developing and 
developed country perspectives.  
 
When comparing the individual responses and opinions of managers between TMNP and TNP, 
it is clear that there is more consensus between the two managers in TNP than noted in the four 
TMNP personnel. This is not to say that TMNP are operating non-collaboratively, not 
communicating efficiently or are not well versed in the larger scope and scale of operations, it 
shows how varying opinion can influence the individual perspective of a particular 
management area, in this case the consideration of water-related ES governance and 
management. Some managers appear to be more aware of the ES concepts, find the ES more 
relevant to their circumstances and managerial style, or be more willing to broaden their 
managerial considerations (Thompson & Martin, 2010) to include more of the social-use 
aspects in protected-area management. When considering accumulative opinion, there is far 
greater accord, which shows that the opinions of joint management structures are aware of the 
fundamentals of freshwater governance and management and should be able to, as a collective, 
implement what is documented in park-management plans, regardless of individual opinion or 
perspective. 
 
3.4.4 Park-management policies and practices  
3.4.4.1 Inclusion of the ES concept in park-level policy and practice 
Many conservation managers, specialists and researchers see a shift toward greater emphasis 
on ES as the next logical stage in the evolution of the protected area philosophy (Dudley et al., 
2011). The park-management plans of both parks explicitly document and report on ES, both 
in relation to the park as a whole and, more specifically, to fresh water in the park (ICMBio, 
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2008; SANParks, 2015). Although the ES concept is presented in both park-management plans, 
the definition used in the documents does not adequately consider the social-use components 
of the parks’ landscapes or environmental resources. This could be due to a misunderstanding 
of the ES concept, problems with the definition or the incorrect terminology used (Braat & De 
Groot, 2012; Lamarque et al., 2011). These misunderstandings may be a reason for why the 
park managers consider the ES concept to be somewhat present in park-level policies or daily 
operations. In the case of TMNP, the ES objective aims to ensure that conservation of 
biodiversity within the park remains functional and provides for continued operation of the 
ecosystems in an urban park. Here there is a distinct lack of engagement with social-use 
components – the very foundation of the ES concept (Schröter et al., 2014). It is to some degree 
addressed in the resource-use programme of TMNP management plan which aims to develop 
a better understanding of community needs for resources and to determine whether biological 
resources can be used sustainably in the park (SANParks, 2015). Controlled access to natural 
resources in protected areas has been extensively promoted as an approach to pursuing 
biological conservation and socio-economic objectives (Hughes & Flintan, 2001). However, 
what is still lacking from understanding resource use, is the nature and scope of non-
consumptive, intangible values derived from natural resources in TMNP (e.g. spiritual values) 
(as determined in chapter 2). The park-management plan for TNP has a far more 
comprehensive engagement with the ES concept and it considers the social-use components of 
fresh water too.  
 
Managers at both parks contended that the ES concept is poorly disseminated within their 
organisations and they asserted that no assessments had been undertaken to determine the 
beneficiaries of water-related ES or what values these individuals assign to freshwater systems 
in the parks. Consequently, there is a limited understanding of how management interventions 
may directly or indirectly affect the provision and delivery of ES. This deviates quite 
considerably from what is documented in park-management plans which make allowances for 
identifying and understanding resource use in both parks, as part of management recognition 
of the cultural value of the parks to visitors (ICMBio, 2008; SANParks, 2015). Although the 
concept of ES is considered in park-management plans, the tools and information for decision 
makers have not yet been readily adopted (Petter et al., 2013), especially at the local level. This 
includes information about who the beneficiaries of ES are, their perceptions of the value of 
ES, or the policies and management interventions that support the delivery of ES equitably and 
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sustainably (Braat & De Groot, 2012). According to park-management plans, gaining an 
understanding of resource use in the parks will be actioned through research, audits, mapping 
and inventories of tangible and intangible heritage resources of cultural significance. Specific 
mention is made to document the recreational uses of fresh water in TMNP (SANParks, 2015). 
Currently, managers in both parks have opinions of who the users and user groups of fresh 
water are, but no formal assessments have been undertaken. Managers in developing countries 
may need to be properly trained, educated and equipped to undertake this research into how 
people access, use and value fresh water and associated ES, thus ensuring that more 
consideration of the ES concept is embedded in daily park operations. 
 
3.4.4.2 Scaling, applicability and relevance of national legislation at park level 
The management plans of both parks are subject to their countries’ constitutions, national (and 
sometimes state-level) legislation and policies, government priorities, objectives of 
international agreements, as well as the strategic frameworks of ICMBio (Brazil) and 
SANParks (South Africa) (ICMBio, 2008; SANParks, 2015). The formulation of park-
management plans draws on these documents. However, an issue raised by the managers of 
both parks relates to concerns of scalability, applicability and the relevance of national 
legislation at the local level, namely that higher-level legislation and policies do not consider 
nuanced issues dealt with at park level. To address these shortfalls, park-management plans are 
formulated which interpret and enact national-level policy at the local level, from which 
context-specific conservation and development objectives are created. What clearly emerged 
from the interviews with park managers is the disconnect between the perceived need to 
implement national legislation and policies at park level and how higher-level policies are 
interpreted in park-management plans to make them more context specific. This no doubt stems 
from national legislation superseding all park-level policies, or because both parks are 
mandated by national-level agencies, or possibly because those putting the park-level 
management plan together are doing a poor job of achieving vertical coherence of policy. This 
finding means that national policy is not being effectively integrated into local level 
management plans or communicated successfully to park managers either due to a lack of 
understanding of the legislative requirements or because it is near impossible to do so as 
national policies have failed to consider local contexts in their formulation.  
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3.4.4.3 Management capacity 
The interviewees agreed that if ES were to be considered in management practices, additional 
resources would have to be provided to meet the additional demands on park personnel and 
resources. Many protected areas in developing countries suffer from a lack of operational 
capacity, including limited personnel, training and equipment (Chadwick et al., 2014; Knight 
et al., 2008). Rissman and Gillon (2016) note that taking a SES approach to management tends 
to require capacity increases rather than specific changes in local-level policy or practice. This 
is particularly true if processes of stakeholder engagement are to be implemented (Reed, 2008; 
Reed et al., 2009).  
 
3.4.4.4 Partnerships and park management 
Understanding the context of ES governance and management in urban protected areas and 
how the different institutional structures impact on the behaviour of individual and collective 
beneficiaries in and around fresh water in protected areas is pivotal to aligning ES with existing 
park policy and practice (Anton et al., 2010). Although the day-to-day management of both 
TMNP and TNP is undertaken by single entities, namely SANParks and ICMBio respectively, 
there are partnerships and relationships with other government departments, external agencies 
and stakeholders that are of paramount importance in ensuring adequate protection of 
freshwater resources both inside the park and those which flow out of the parks. In both TMNP 
and TNP the stakeholders include park managers, researchers, government policymakers, 
agency managers, formal and informal urban communities neighbouring parks, landowners 
that share catchments of rivers that flow through parks, non-governmental organisations and 
tourists (Roux & Foxcroft, 2011). The perceptions of the managers interviewed in this study 
toward agreements between the various parties indicate a willingness to partner around 
freshwater management. In the case of TMNP, management has taken the initiative to rebuild 
the City-Park Bilateral, a partnership in which executive councillors of the City of Cape Town 
meet with park management three times a year (Daitz & Myrdal, 2012). TNP has a multiparty 
committee that meets regularly to discuss park issues, including water (ICMBio, 2008). In both 
cases, partnerships centre on the quality of fresh water, freshwater provision and ecological 
preservation more than on the management of ES. There is thus a need to evaluate and evolve 
management practices to consider these water systems in terms of the ES they provide and as 
part of broader SES (Anton et al., 2010; Ashton et al., 2005; Roux & Foxcroft, 2011).  
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The park managers also reported a number of issues with existing partnerships. Communication 
between the park officials and the various external agencies involved with freshwater 
governance and management is perceived by park managers to be lacking. The literature 
suggests that channels of communication should build a sense of common purpose among all 
relevant stakeholders (Roux & Foxcroft, 2011). A further voiced concern is the nature of the 
inclusivity of existing partnerships. To address this concern, there may be a need to design or 
transform multilevel institutions to engage multiple actors across different scales, sectors and 
disciplines (Duraiappah et al., 2014).  
 
Given the developing-city context of both study sites, the institutions must also be amenable to 
adapting and adjusting policies and management to suit the changing ES priorities or needs of 
urban residents (Loomis et al., 2000). These will need to be centred on equitable access to and 
sustainable use of freshwater resources. This will involve developing methods and institutions 
which promote public involvement in the conservation of freshwater systems and the 
sustainable use of water-related ES, including setting objectives for ES delivery in relation to 
stakeholder preferences and values (Anton et al., 2010; Braat & De Groot, 2012; Pascual et al., 
2010). Both park-management plans prioritise an adaptive planning process which aims to 
engage with the public to gain an understanding of the values assigned to the parks and the 
water contained within them. Local-level participation in management may lead to increased 
levels of environmental awareness and stewardship, as well as social cohesion (Lovell & 
Taylor, 2013). The park-management plans advocate the need for the public to be part of and 
interrelate with the broader landscape and socio-economic context of the cities within which 
the two parks are situated. Processes also aim to recognise all knowledge – indigenous, 
ordinary and expert – as well as the diversity of values and opinions that exist among 
stakeholders (ICMBio, 2008; SANParks, 2015). 
 
3.4.4.5 Ensuring equitability 
Equitable access and use of freshwater resources in cities in developing countries are of 
paramount importance as many residents are dependent on these resources for provisioning 
and cultural services (McDonald et al., 2009; Palomo et al., 2013; Ramachandraiah & Prasad, 
2004). The outcomes of this study show that the park management is aware of a multitude of 
groups and individuals who access and use fresh water in the parks, despite no formal study to 
identify users or articulate the values they assign to fresh water. Managers believe that access 
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to and use of freshwater resources in both TMNP and TNP is equitable, trending positive over 
time. There are opinions that some users abuse the open-access water resources, creating 
skewed relationships and partnerships between the park and water users. In order to create and 
implement effective and equitable partnerships, greater emphasis should be placed on 
demographic and cultural factors (Carpenter et al., 2009; Sherrouse et al., 2011). Both park-
management plans allude to the diversity of park users, and make special allowances for 
individuals from previously disadvantaged backgrounds (ICMBio, 2008; SANParks, 2015). 
Management officials in both parks pointed out a number of conflicts due to the diversity of 
park users, including illegal activities undertaken in and around fresh water. In both parks, 
illegal water abstraction is a major cause for concern (ICMBio, 2008; SANParks, 2015). 
Respondents claimed that individuals illegally pump fresh water directly out of the park to the 
informal settlements abutting the parks’ boundaries. The management authorities of both parks 
will have to reconsider their approaches to managing the social factors around water should 
they wish to ensure adequate and effective conservation of aquatic biodiversity, as well as 
enhancing the provision of freshwater ES (Postel & Thompson, 2005). Management 
approaches, as set out in the respective park-management plans, suggest approaching illegal, 
unsustainable or unequitable resource use by considering the social values of fresh water 
(ICMBio, 2008; SANParks, 2015). By adopting a social approach, by recognising the needs of 
local people and by engaging directly with them, illegal activities in and around freshwater 
systems can be reduced (Tyrväinen et al., 2007).  
 
3.4.5 Connections between knowledge and action 
The environmental change research community, in which ES research can be nested, is said to 
be struggling to make sense of the broad disconnect between knowledge and action (O’Brien, 
2012). The links between individual knowledge (including perspectives and opinions), 
organisational knowledge, and human action undertaken in organised contexts have remained 
relatively unexplored in the relevant literature and it is debated to what extent representational 
approaches capture the lived experiences and actual practices  (Tsoukas & Vladimirou, 2001). 
The gathering of the kind of information here on opinion and practice, as well as areas of 
operations relating to ES provision and SES which corresponded or clashed with park-related 
policies, help organisations develop knowledge and turn that knowledge into action (Pfeffer & 
Sutton, 1999). These measurement practices help us understand how governance and 
management systems contribute to the creation and persistence of knowledge-action gaps. This 
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helps identify ways and places through which to close the loop by assessing the perspectives, 
opinions and knowledge of individuals within an organisation and how they put these into 
practice (Pfeffer & Sutton, 1999). These tools, like others developed in this thesis (see chapters 
4, 5 and 6), have the potential to equip park managers with data, information and knowledge, 
which can be translated and transformed into efficient, sustainable and equitable practices. 
 
A critical conversation in knowledge management is the identification that knowledge is a 
production factor and has led to the definition of knowledge as ‘strategic’ and to locate it in 
management with decision makers through which its work determines organisation 
performance (Gherardi, 2000). This said, it is critical to identify individual perspectives and 
opinions, so that one can foster or improve on these (Pfeffer & Sutton, 1999). Day-to-day 
management practices that create and embody a culture that values the building and transfer of 
individual and collective knowledge and, most importantly, acting on that knowledge is critical 
in ensuring that knowledge, opinions and perspectives manifest into actions (Pfeffer & Sutton, 
1999). Knowing by doing develops a deeper and more profound level of knowledge and 
virtually eliminates the knowledge-action gap (Pfeffer & Sutton, 1999). Understanding the 
interplay between subjective and objective representational approaches to ES in urban contexts 
may be critical to closing the gap between knowledge and action (O’Brien, 2012) in urban 
protected areas in developing countries. Further research in understanding the differences 
between articulation, intention and enactment of concepts, ideas and frameworks around 
ES are clearly needed.  
 
3.4.6 Recommendations for urban-park management in developing countries 
Managers and policy makers need greater clarity on ES definitions and how to disseminate the 
ES concept into daily management operations. Currently there is some confusion regarding 
definitions, what constitutes an ES and how to manage these services and associated service 
bundles. Greater clarity and knowledge would allow in shifting from managing landscapes 
solely for ecological reasons to considering them as SES (Cumming et al., 2015; Palomo et al., 
2014). By understanding the social-use aspect of freshwater systems and other landscape 
elements, managers are far more likely to promote management practices that benefit both the 
environment and the urban communities who depend on the freshwater systems and the ES 
services and service bundles inside the park (McDonald et al., 2009; Palomo et al., 2013; 
Ramachandraiah & Prasad, 2004) (See chapter 1). Equipping managers with information and 
68 
 
educating them on how to design and implement management strategies regarding ES would 
also aid them in closing the knowledge-action gap (O’Brien, 2012; Pfeffer & Sutton, 1999). 
This is of critical importance in protected area management to ensure that opinions, 
perspectives and intentions manifest into enactment. Formal training and workshops coupled 
with stakeholder engagement opportunities would assist managers in undertaking research into 
how people access, use and value fresh water and associated ES, thus ensuring that the ES 
concept is firmly embedded in daily park operations.  
 
Further research needs to determine the ES links and transfers between the park and the city. 
Water resources are seldom confined to the park or city and flow freely across the landscape 
(unless human-made interventions such as dams prohibit free movement). Knowing what 
services and service bundles the park produces will better inform management into how best 
to manage landscapes and resources (Dunlop, 2014; Gould et al., 2014). By understanding how 
landscape modification influences service delivery, managers are better equipped to mitigate 
existing impacts, conserve undisturbed areas and undertake remedial actions in landscapes that 
could benefit with being returned to near-natural conditions. Assessments into relative 
importance of certain services, service bundles or even service categories (i.e. provisioning, 
cultural) would allow managers to prioritise key service delivery until such time as more 
services can be added to their priority lists. These assessments should be undertaken over 
varying spatial and temporal scales to determine short-, medium- and long-term outlooks and 
modelling of service provision (Allan, 2004; Carpenter et al., 2009; Sherrouse & Semmens, 
2014) to determine how land-use modification influences the generation and provision of 
water-related ES (see chapter 5). 
 
Confirming that the opinions and perspectives of park managers correspond with park-
management policies is encouraging, but more importantly, managers of urban protected areas 
must recognise the scope and nature of value that city residents assign to ES derived from the 
landscape, and more specifically from freshwater systems (Cooper et al., 2016; Fish et al., 
2016; Robertson, 2004) (see chapters 2 and 4). Management in both parks under consideration 
here would do well to first assess who the beneficiaries of freshwater in their urban protected 
areas and within their developing cities are, their respective roles and how these beneficiaries 
assign value to freshwater systems (as suggested in chapter 1). Both park-management plans 
make allowances for such assessment. By identifying the beneficiaries of ES derived from 
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freshwater, and determining the varied ES service and service bundle values, uses and impacts, 
more efficient and effective management strategies can be created and more equitable policy 
can be drafted (Ashton et al., 2005; Korsgaard, 2006; McDonald et al., 2013). 
 
To achieve more effective management greater capacity is needed to meet the additional 
demands on park personnel and resources. As discussed,  many protected areas in developing 
countries suffer from a lack of operational capacity (Chadwick et al., 2014; Knight et al., 2008) 
and taking a SES approach to management tends to require additional capacity (Rissman & 
Gillon, 2016). This is particularly true if processes of stakeholder engagement are to be 
implemented (Reed, 2008; Reed et al., 2009). If it is not possible to increase or improve 
management capacity, one option would be for park managers to deliberate and reach 
consensus on the vital attributes of the system to be managed, and then proceed according to 
these fewer, refined criteria. These vital attributes, which should contain a suite of ES, as 
understood and arrived at by park management in consultation with other stakeholders, are the 
distinctive and special features of the SES and should inform key management objectives 
(Roux & Foxcroft, 2011). These consultative exercises will be the foundation on which 
partnerships will be formed between the parks’ management and other stakeholders and 
institutions. 
 
Of concern is the applicability, relevance and scalability of policy and there is a need for greater 
vertical coherence between national policy and local-level actions. Managers of parks should 
have more say in what gets included in policy across all levels (national to local), greater 
representation in governance structures (e.g. task teams, workshops), and should be able to 
review and comment on draft legislation and other policy documents before these are gazetted 
and ratified. The knowledge held by park officials may not necessarily be incorporated into 
policy and this limits the opportunities for closing the knowledge-action gaps. By including 
managers in drafting policy, there is greater chance of successful management interventions 
being translated from policy into practice (Busch et al., 2012). 
 
Outcomes from interviews with park management suggest that partnerships between the park, 
city, civil society and various other entities are of critical importance in ensuring best 
management practices in the park, equitable access to the park and adequate social engagement. 
In the contexts of TMNP and TNP, there may be a need to adapt existing institutions or create 
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a new space in which to broker dialogue between stakeholders, to train stakeholders and to 
improve the capacity of managers (Duraiappah et al., 2014; McDonald et al., 2009; Roux & 
Foxcroft, 2011). Both park-management plans set out protocols for achieving these objectives, 
including opening communication channels, training, capacity development and allocation of 
resources, as well as the creation of environments conducive to working with multidisciplinary 
stakeholders (ICMBio, 2008; SANParks, 2015).  
 
Managers in both parks state that access to additional finances and income streams is required 
to fund management objectives and conservation efforts to ensure adequate and equitable ES 
generation and delivery in the urban parks, and to ensure that these services flow out of the 
park boundaries. Park management and other decisions makers could explore the willingness 
to pay for service provision, mechanisms and concepts that have proved successful in other 
parts of the world (Bateman et al., 2006; Farber et al., 2002, Van Berkel & Verburg, 2014). 
This needs to be considered both within the park through various national-level policies and 
initiatives, as well as at the local level through city-led initiatives. Because of the proximity of 
TMNP and TNP to Cape Town and Rio de Janeiro respectively, it is critical that the appetite 
of city residents to pay for ES provision, management and conservation is gauged. This will be 
explored further in Chapter 4. 
 
3.5 Conclusion 
There is a need to assess how the concept of ES has been incorporated into management 
policies and practices in urban protected areas, specifically in developing countries where rapid 
urbanisation and the heterogeneity between social, political and economic aspects impact 
heavily on protected areas and the resources contained within them. Water-related ES provided 
by these urban protected areas are vital components of the urban landscape and are critical to 
the well-being of city residents in developing countries. This study interrogates the degree to 
which the individual and accumulative opinions of park managers in urban national parks in 
South Africa and Brazil align with other management opinions as well as with park-
management plans, specifically around the concept of water-related ES as part of broader SES 
approaches. In both instances, management perceptions correspond well with park policy, 
although the concept of ES is still narrowly developed and needs to be better integrated into 
the management structures and activities of both parks. Responses from managers and reviews 
of the park management plans attest to management attention relating to fresh water still 
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primarily focussed on biodiversity conservation and maintaining system processes and 
functions. More focus therefore needs to be paid to the social-use aspects of freshwater use and 
management. Park-management plans draw on numerous tiers of external policy to inform their 
management of freshwater and associated ES, although interpreting the ES concept in higher-
level policies and applying it in the park contexts is not readily achieved. As a result, there is 
little reference to or incorporation of ES as part of SES approaches in daily park operations. 
Additionally, park management needs to relook or reconsider how national-level legislation 
influences park decision-making and policies and need to integrate these in to park-
management plans effectively. Management also needs to improve their understanding of ES 
production and provision, to effectively link the freshwater resources found in protected areas 
with human well-being and society, and to ensure that services flow freely out of park 
boundaries into the urban centres that neighbour them. Finally, there is a necessity to enhance 
or establish institutions and engage with stakeholders to communicate across ecosystems and 
sector boundaries. Recommendations presented in this chapter provide opportunities to 
improve management knowledge and implementation of the ES concept as part of a SES 
approach to urban protected area management in South Africa and Brazil.  
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CHAPTER 4. THE WILLINGNESS TO PAY FOR 
FRESHWATER ECOSYSTEM SERVICES IN THE CITY OF 
CAPE TOWN, SOUTH AFRICA 
 
4.1 Introduction 
Freshwater ecosystems in urban settings are recognised as important natural ecological assets, 
providing cultural (see chapter 2), provisioning and regulating services to city residents 
(Asakawa et al., 2004; Loomis et al., 2000; Zander & Straton, 2010). As discussed in previous 
chapters, urban national parks contain many valuable freshwater systems, many of which flow 
into the cities which surround them. Due to the protection offered to freshwater systems in 
these parks, freshwater systems are able to provide multiple services and service bundles 
because they may be in a near-natural state, may be better maintained or have limited impacts 
when compared to those systems found in a city (Ashton, 2004; Hockings, 2003; Liu et al., 
2008). Once the water flows from the park into the city it may not be afforded the same level 
of protection and management and is strongly and often negatively influenced by the 
landscapes through which it flows (Allan, 2004) (see chapter 5) often resulting in reduced water 
quality and quantity. A proposed mechanism to counter this negative change in river quality 
and quantity would be to gauge the willingness to pay (WTP) for the safeguarding of water 
quality and quantity by considering economic and social values that communities place on 
freshwater systems within urban protected area the city. A WTP approach is informative and 
useful in gauging responses toward environmental stewardship (Bateman & Dupont, 2010).  
 
Willingness to pay studies have principally been undertaken in developed-country contexts, 
although during the last decade the approach has also been increasingly applied in developing 
countries. This is a significant shift as it implies that individuals and communities in developing 
countries are thinking differently about the natural environment to people in developed 
countries, especially regarding how to consider and express ES values which may not be 
closely related to market economics (Diaz et al., 2015; Pascual et al., 2010). Given that most 
WTP studies have a heavy economic thrust (Van Berkel & Verburg, 2014), there is a need to 
add a more comprehensive understanding of the social texture in value statements, especially 
in developing-country contexts where this kind of work is still new and emerging, so as to 
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incorporate the additional values perceived by those who benefit from the services (Sherrouse 
et al., 2011; Sherrouse & Semmens, 2014). 
 
This study set out to understand how urban residents bordering on three case-study rivers in 
the city of Cape Town, South Africa, value riparian ES through a variety of social and economic 
means. This was ascertained through a mixed-method approach that draws on WTP, but adding 
questions to provide social texture and a deeper understanding of value. This approach is 
considered to be an opportunity-identification method, the aim of which is to further our 
insights into the underlying social nuances as well as the perceptions and behaviours which 
result in greater WTP for riparian ES in some individuals and communities in a developing 
city.   
 
4.2 Study area 
4.2.1 Cape Town 
The city of Cape Town is located on the south-western tip of South Africa (see Figure 4.1). 
The city occupies an area of some 2460 km² with a population of 3.7 million people (Statistics 
South Africa, 2011). From a development perspective the broader metropolitan area of Cape 
Town has spatially distinctive features (Turok, 2011), with areas of extreme wealth and others 
of abject poverty (Lemanski, 2007). The spatial distribution of annual income shows the 
suburbs of Cape Town having significant discrepancies in wealth with 61.5% of the population 
mainly living on the Cape Flats earning less than R7000 per annum, while a small minority 
(approximately 3%), earn in excess of R1 million per annum (Statistics South Africa, 2011).  
 
The city has a varied topography, with mountain ranges in the east and south-west, agricultural 
areas in the north-east, coastal areas on the southern and western borders, and a low-lying 
highly-urbanised region in the centre (Rebelo et al., 2011). A variety of freshwater systems, 
including rivers, streams, and wetlands are found within the city boundaries. Water was a key 
resource for the indigenous people of this region in which they adopted transhumance grazing 
patterns, hunted wild game and harvested edible and medicinal plant material around the 
perennial freshwater systems (O’Farrell et al., 2012). Since the arrival of Europeans in the 
1600s, water in the rivers of Cape Town has been used extensively for drinking, cooking, 
washing, irrigation, as well as for discharging sewage and other waste (Water Research 
Commission, 2007). Today, the rivers continue to be used extensively by Cape Town residents. 
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Figure 4.1: Location of the Liesbeek, Sand and Silvermine Rivers in Cape Town, South Africa 
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This study focussed on three rivers in Cape Town, namely the Liesbeek, Sand and Silvermine 
Rivers (Figure 4.1). The rivers were selected because all three have their headwaters in Table 
Mountain National Park (TMNP), they have similar baseline conditions and they flow through 
economically-diverse neighbourhoods containing low-, middle- and high-income households. 
 
4.2.1.1 Liesbeek River 
The Liesbeek River, which is approximately 9 km long, is situated in the oldest urbanised river 
valley in South Africa. Records of indigenous use are limited, but major extraction and use was 
seen from the 1650s (Brown & Magoba, 2009). The headwaters of the Liesbeek River flow 
into the city from the eastern slopes of Table Mountain where the vegetation is largely 
indigenous and undisturbed. The course of the Liesbeek River follows a north-north-east 
striking fault zone (Brown & Magoba, 2009). Water abstraction occurs along much of the 
river’s path causing the flow to reduce during the summer months (Water Research 
Commission, 2007). Approximately 40% of the river’s course is canalised (City of Cape Town, 
2005). 
 
4.2.1.2 Sand River 
The Sand River is approximately 4 km long (City of Cape Town, 2005). The Sand River 
catchment area is located in TMNP and feeds a number of other rivers in the area. There are 
confluences with the Diep River and Brommersvlei Stream in the upper reaches of the 
catchment. The gentle gradient of the landscape in which the Sand River is located allows the 
river to follow the course of the underlying palaeovalleys (Brown & Magoba, 2009), flowing 
in a southerly direction. A reduction in summer flow in the Sand River is due to invasive tree 
species and water abstraction. Approximately 75% of this river is canalised (City of Cape 
Town, 2005). 
 
4.2.1.3 Silvermine River 
The Silvermine River is approximately 11 km long. The river’s headwaters are in TMNP. The 
river course is controlled by the major lineaments in the surrounding geomorphology (Brown 
& Magoba, 2009) and flows in a south-westerly direction. There is a reduction in summer flows 
in the Silvermine River as a result of alien invasive plants and water abstraction (City of Cape 
Town, 2005). Although alien-vegetation clearing has taken place in the middle reaches of the 
Silvermine River, garden-variety exotics continue to pose a threat to its habitat diversity, the 
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recovery of indigenous vegetation and aquatic life (City of Cape Town, 2005). No part of the 
Silvermine River is canalised. 
 
4.3 Methods 
4.3.1 Criteria for selecting ecosystem services 
The appropriate criteria for selecting important ES depend entirely on the objectives of the 
study and thus on the social, economic, ecological and political issues being addressed and 
prioritised (Korsgaard, 2006). Ideally, all ES provided by urban rivers should be included in 
such studies, but such an undertaking would be complex and time consuming (Korsgaard, 
2006). The literature was surveyed for appropriate ES that could be related to the values that 
urban residents derive from riparian systems. Eventually, four ES were selected specifically to 
assess the nature of social-ecological valuation around rivers. Cultural services were 
considered as they are known to be the most valued of all ES within cities (Andrés et al., 2012) 
(see chapter 2). Biological and habitat protection involved the value of biodiversity and riparian 
habitat as these are seen as adequate measures of ecological quality (Junker & Buchecker, 
2008). To gain an understanding of the likely economic benefits accruing from riparian ES, 
individuals were asked about perceived benefits to property prices from living next to a river 
(Breffle et al., 1998). Water abstraction was used as a proxy for provisioning services. 
 
4.3.2 Survey design 
It is critical in the valuation of ES to identify relevant stakeholders (Hein et al., 2006). A flyer 
indicating the intent of this study was hand-delivered to every residence bordering on one of 
the case-study rivers. Nearby residents are important constituencies for green spaces along 
rivers as they tend to use them most often (Furuseth & Altman, 1991). This study focussed 
specifically on landowners bordering on these rivers while additional users of the river who do 
not border on or who travel to the rivers were not included in this study. The flyer directed 
potential respondents to an online survey adapted from those reported by Loomis et al. (2000), 
Saz-Salazar & Rausell-Köster, (2008) and Zander & Straton (2010). The advantages and 
limitations of an online survey were considered (Sherrouse & Semmens, 2014) and developed 
according to three factors which affect response rates in online surveys, namely style of the 
first page of the survey, relationship with the website, and respondent interest or relevance of 
the survey (Comley, 2000). Some researchers even argue that using a web survey guarantees a 
potentially better response rate (Ilieva et al., 2002; Matz, 1999; Lefever et al., 2007) than using 
77 
 
conventional methods. To reduce limitations in an online survey a hard-copy version was 
available to those living in properties bordering on to the rivers who selected this option. A 25-
item questionnaire was developed that included both open- and closed-ended questions divided 
into three sections (Appendix F). The first two sections focussed on social factors regarding 
the respondents, their households and their attitudes and behaviours toward rivers in Cape 
Town. The final section covered financial and valuation matters. A ‘notes’ section provided 
respondents an opportunity to supply qualitative justifications or comments. Based on the 
addresses provided in completed surveys, respondents were grouped by the river reach (upper, 
middle and lower) along which they live. This distinction was made to help understand possible 
spatial drivers in respondents’ WTP, especially as ES play different roles in people’s livelihood 
strategies along different spatial units (i.e. river stretches) (Korsgaard, 2006). The online survey 
was constructed using KwikSurveys (www.kwikwsurveys.com) and was active from 1 January 
2014 to 31 August 2014. Preliminary testing of the survey instrument established the level of 
understanding of the ES concept and terms associated with service provision, divisions of the 
river sections (upper, middle and lower), the WTP concept, as well as suggested timeframes 
(last 10 years) under review. Amendments were made to the survey following preliminary 
testing. A study-site image was included with the survey to show the divisions of river reaches 
along the three case-study rivers. A statement regarding compliance with relevant ethical 
standards and appropriate rules and guidelines regarding participation of human subjects in this 
study was included in the terms and conditions of the online and hard-copy surveys (Appendix 
F). Statistical analyses included chi-squared tests and analyses of variance (ANOVA) and were 
undertaken using Statistica (version 12) to determine significant differences across rivers and 
river stretches.  
 
4.4 Results 
A total of 145 completed questionnaires were recorded in this study, comprising 63 (43.4%) 
respondents residing along the Liesbeek River, 38 (26.2%) living along the Sand River and 44 
(30.3%) along the Silvermine River. Among these respondents 41 (28.3%) were willing to pay 
for the safeguarding of water quality, and 24 (16.6%) indicated WTP to preserve the quantity 
of water in the three case-study rivers. Only statistically significant positive or negative 
relationships are reported. The results are presented in the next section as they relate to 
demographics (4.4.1), perceptions and behaviours (4.4.2) and financial justifications (4.4.3) of 
river neighbours willing to pay to preserve water quality and quantity.  
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4.4.1 Demographics 
4.4.1.1 Numbers of respondents 
Some 57 (39.3%), 56 (38.6%) and 32 (22.1%) respondents live along the lower, middle and 
upper reaches of the three rivers, respectively. Respondents living along the lower reaches of 
the rivers showed the highest WTP for quality (21 respondents; 36.8%) as well as for quantity 
safeguarding (13 respondents; 22.8%).  
 
 
Figure 4.2: Number of respondents willing to pay for the safeguarding of river-water quality and quantity 
along the lower, middle and upper stretches of three case study rivers in Cape Town, South Africa 
 
4.4.1.2 Household numbers, ownership and duration of residency 
The majority of respondents (74 respondents; 51.0%) live in households of three to four 
individuals (Table 4.1), of which 29.7% (22 respondents) show a WTP for river quality with 
12 respondents (16.2%) indicating a WTP for water quantity. Almost 90% of the respondents 
(130 respondents; 89.7%) own their homes. Homeowners and renters show similar WTP 
proportions for both river quality and quantity. Over 50% of the respondents (75 respondents; 
51.7%) have lived in their homes for 10 years or less. There were significant differences 
between the length of time living at their addresses and ownership of properties (p < 0.05), 
where those that have lived in the house for more than 10 years all own their properties.  
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Table 4.1 Number of people in a household, number of years in a household and level of ownership of respondents living along the lower, middle and upper stretches 
of the Liesbeek, Sand and Silvermine Rivers. #R denotes total number of respondents, #QL denotes number of respondents who are willing to pay for river quality 
safeguarding, and #QT denotes number of respondents who are willing to pay for river quantity safeguarding. 
Variable Variable measures 
Liesbeek River Sand River Silvermine River 
Lower Middle Upper Lower Middle Upper Lower Middle Upper 
#R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT 
Number of 
people in a 
household 
1 - 2 10 5 1 8 2 2 4 1 0 5 1 1 8 2 3 8 1 1 10 3 2 4 0 0 0 0 0 
3 - 4 10 6 3 9 1 0 12 5 3 5 3 2 7 2 0 5 0 0 16 3 4 10 2 0 0 0 0 
5+ 0 0 0 7 3 2 3 1 0 0 0 0 0 0 0 0 0 0 1 0 0 3 0 0 0 0 0 
Number of 
years in 
household 
1 - 5 8 5 3 3 0 0 8 3 2 2 2 2 5 2 1 3 0 0 5 1 1 1 0 0 0 0 0 
6 - 10 5 1 1 7 2 2 3 1 0 3 1 0 5 1 2 3 1 1 9 2 2 5 1 0 0 0 0 
11 - 15 1 1 0 5 0 0 4 2 1 2 0 0 0 0 0 4 0 0 8 3 3 5 0 0 0 0 0 
16 - 20 2 2 0 5 2 1 4 1 0 2 0 0 3 1 0 1 0 0 4 0 0 5 1 0 0 0 0 
21+ 4 2 0 4 2 1 0 0 0 1 1 1 2 0 0 2 0 0 1 0 0 1 0 0 0 0 0 
Ownership 
Own 18 11 4 23 6 4 18 7 3 9 4 3 10 2 2 12 1 1 23 4 4 17 2 0 0 0 0 
Rent 2 0 0 1 0 0 1 0 0 1 0 0 5 2 1 1 0 0 4 2 2 0 0 0 0 0 0 
 
4.4.2 Perceptions and behavioural considerations 
4.4.2.1 River visitation 
Weekly visits to the case-study rivers were reported by almost 50% of the respondents (72 respondents; 49.7%) (Table 4.2). Daily visitors indicated 
the highest WTP for both quality and quantity safeguarding, with over one third indicating a WTP for safeguarding river quality (26 respondents; 
36.1%), and over a fifth showing a WTP for quantity safeguarding (16 respondents; 22.2%). Individuals who visited their neighbouring rivers 
annually were unwilling to pay for quality nor quantity safeguarding. 
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Table 4.2: River visitation, location of impacts on quality and quantity, reasons for payment and considerations of river management responsibilities by respondents 
living along the lower, middle and upper stretches of the Liesbeek, Sand and Silvermine Rivers. #R denotes total number of respondents, #QL denotes number of 
respondents who are willing to pay for river quality safeguarding, and #QT denotes number of respondents who are willing to pay for river quantity safeguarding. 
Variable Variable measures 
Liesbeek River Sand River Silvermine River 
Lower Middle Upper Lower Middle Upper Lower Middle Upper 
#R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT 
 River visitation 
Daily 8 4 1 8 1 1 10 3 1 2 1 0 5 2 1 3 0 0 10 1 1 6 0 0 0 0 0 
Weekly 9 6 2 15 5 3 9 4 2 5 2 2 7 2 2 8 1 1 13 5 4 6 1 0 0 0 0 
Monthly 2 1 1 1 0 0 0 0 0 3 1 1 0 0 0 2 0 0 3 0 1 5 1 0 0 0 0 
Yearly 1 0 0 0 0 0 0 0 0 0 0 0 3 0 0 0 0 0 1 0 0 0 0 0 0 0 0 
River quality and 
quantity affected by 
upstream activities 
Yes 16 11 4 20 6 4 15 7 3 10 4 3 12 2 2 12 0 0 17 4 4 3 2 0 0 0 0 
No 4 0 0 4 0 0 4 0 0 0 0 0 3 2 1 1 1 1 10 2 2 14 0 0 0 0 0 
Household, business 
or individual impact 
on the river 
Quality is affected 8 4 0 5 1 0 5 2 0 4 1 0 4 0 0 4 0 0 4 2 0 1 0 0 0 0 0 
Quantity is affected 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 0 0 1 0 0 1 0 0 0 0 0 0 
Quality and 
quantity are 
affected 8 7 4 15 5 4 10 5 2 6 3 3 8 4 2 8 1 0 13 4 5 2 2 0 0 0 0 
Where along the 
river do you believe 
the change in quality 
and quantity to 
occur? 
As it leaves Table 
Mountain National 
Park 1 1 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 
In the upper third  2 1 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
In the middle third  6 2 2 5 1 1 4 4 1 5 3 2 5 2 2 1 1 0 5 3 2 2 1 0 0 0 0 
In the lower third  4 1 2 4 2 3 3 4 0 4 3 2 7 3 2 2 1 1 10 3 3 3 1 0 0 0 0 
All of the above 8 7 2 14 5 2 11 3 2 5 1 1 5 1 1 10 0 0 7 1 1 0 1 0 0 0 0 
Reasons for payment 
Cultural services 18 7 2 24 6 5 18 6 1 10 3 3 13 3 2 13 1 1 26 3 2 15 5 4 0 0 0 
Biological and 
habitat protection 19 7 1 24 6 5 17 6 3 9 3 3 14 3 2 9 1 1 25 3 2 14 5 4 0 0 0 
Increase in property 
value 11 0 0 13 0 0 11 1 1 5 2 2 9 1 1 7 1 1 19 3 2 9 5 4 0 0 0 
Water abstraction 6 5 2 8 6 5 5 3 3 2 1 1 1 0 1 4 0 0 0 0 0 0 0 0 0 0 0 
 
 
 
 
 
8
0
 
81 
 
4.4.2.2 Spatial perceptions of impacts on quality and quantity  
Respondents were asked whether they considered the quality and/or quantity of river water to 
be affected by individuals, households or businesses located upstream. Over 70% (105 
respondents; 72.4%) believe that water quality and quantity are affected by people living or 
working upstream. Of these 34.3% (36 respondents) are willing to pay for quality safeguarding 
and 20 (19.0%) for quantity safeguarding. Five (12.5%) of the 40 respondents who claimed 
that upstream activities do not affect the quality and/or quantity of river water were willing to 
pay for the safeguarding of quality and four (10.0%) for quantity safeguarding.  
 
Participants were also questioned about their perceptions of where the impacts to quality and/or 
quantity occur along the river courses. The majority (60 respondents; 41.4%) believe that water 
quality and quantity are affected throughout the river courses, i.e. as they leave TMNP to the 
end of the lower third of the river. Those who did name where the impacts occur pointed to the 
middle and lower thirds of the rivers. Only a few respondents believe that river quality and/or 
quantity are affected where the rivers exit TMNP or in the river’s upper third.  
 
4.4.2.3 Reasons for payment 
Respondents were asked which riparian ES they valued most and what services the rivers 
provided them, their families and their properties. About 95% of respondents (137 respondents) 
rated cultural ES as a benefit of living adjacent to an urban river. Some 90% (131 respondents) 
believe that the rivers provide critical ecological services, such as maintaining biological 
diversity and key habitats. Over 80% of those willing to pay for quality safeguarding (34 
respondents; 82.9%) stated that these are their two primary reasons for wanting to preserve 
river quality. An almost equal number of respondents claimed these two services as 
justification for wanting to preserve river quantity. Nearly 58% (84 respondents) claimed that 
river frontage increases property value, although only 15.5% (13 respondents) reported this as 
their reason for WTP for quality safeguarding. Only 13.1% (11 respondents) answered that 
increased property value is a reason for being willing to pay for quantity safeguarding. Less 
than one fifth of the participants (26 respondents; 17.9%) claimed that provisioning services in 
the form of water abstraction was of value to them, although 26 respondents do abstract water 
directly from the river along their property. Of these water abstracters, 15 (57.7%) are willing 
to pay for water quality and 12 (46.2%) for quantity safeguarding.  
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4.4.3 Financial justifications 
4.4.3.1 Household earnings 
The majority of respondents (67 respondents; 46.2%) reported annual household incomes of between R151 000 and R500 000 (Table 4.3) with 
35.9% (52 respondents) reporting incomes of between R501 000 and R850 000. Households earning between R851 000 and R1 million as well as 
those earning over R1 million annually reported WTP for river quality of 33.3% respectively, with one third of respondents in the highest income 
group reporting a WTP for safeguarding of river quantity. Household with incomes of less than R150 000 were unwilling to pay for safeguarding 
of water quantity. A significant positive relationship (p < 0.05) was reported between annual household income and WTP for river-water quantity. 
 
Table 4. 3: Total household income, and amounts that respondents would be willing to pay for quality and quantity safeguarding along the lower, middle and upper 
stretches of the Liesbeek, Sand and Silvermine Rivers. #R denotes total number of respondents, #QL denotes number of respondents who are willing to pay for river 
quality safeguarding, and #QT denotes number of respondents who are willing to pay for river quantity safeguarding. 
Variable Variable measures 
Liesbeek River Sand River Silvermine River 
Lower Middle Upper Lower Middle Upper Lower Middle Upper 
#R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT #R #QL #QT 
 Household 
income 
R150 000 or less 2 2 0 0 0 0 0 0 0 0 0 0 2 0 0 3 0 0 3 0 0 1 0 0 0 0 0 
R151 000 - R500 000 14 7 3 7 1 0 0 0 0 3 1 1 9 3 3 8 1 1 22 6 5 4 0 0 0 0 0 
R501 000 – R850 000 4 2 1 14 5 3 12 4 1 5 1 1 4 1 0 1 0 0 2 0 1 10 2 0 0 0 0 
R851 000 – R1 million 0 0 0 0 0 0 1 0 0 2 2 1 0 0 0 1 0 0 0 0 0 2 0 0 0 0 0 
More than R1 million 0 0 0 3 0 1 6 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
How much 
would you 
pay per 
year to 
preserve 
river 
quality and 
quantity? 
R1000 or less  5 3  4 2  0 0  3 2  2 2  1 1  3 3  0 0  0 0 
Between R1001 and 
R5000 
 6 1  2 2  4 3  1 1  2 1  0 0  2 3  2 0  0 0 
Between R5001 and 
R10 000 
 0 0  0 0  3 0  0 0  0 0  0 0  1 0  0 0  0 0 
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4.4.3.2 Annual willingness to pay amounts 
Respondents who showed a WTP for quality and quantity safeguarding were presented with three 
annual amount options. There was a similar number of respondents willing to pay less than R1000 
(18 respondents) or between R1001 and R5000 (19 respondents) each year for quality safeguarding. 
There was also a fairly even spread between these two payment classes regarding WTP for quantity 
safeguarding. No respondent reported a WTP of between R5001 and R10 000 for quantity 
safeguarding.  
 
4.4.3.3 Exact amounts respondents were willing to pay 
The average amount that respondents were willing to pay for quality safeguarding in the lowest 
payment category (R1000 or less) across all three rivers and river reaches was R540 (Figure 4.2). 
Those living along the Liesbeek River were prepared to pay on average R613 per annum for river-
water quality, while those residing along the Silvermine River were only willing to pay R300. The 
average amount that respondents were willing to pay for quantity safeguarding within this payment 
category was R420. Residents living along both the Liesbeek and Silvermine Rivers suggested a 
WTP below the R420 annual average, while residents along the Sand River were prepared to pay 
on average R567 for river-water quantity. Those living along the upper river reaches reported the 
lowest average amounts of R400 willing to be paid annually for both quality and quantity 
safeguarding respectively. 
 
The average amounts increased to R2674 and R2069 for quality and quantity safeguarding 
respectively for those indicating a WTP between R1001 and R5000 annually. Residents along the 
Liesbeek River who selected this second payment class were willing to pay the highest annual 
average amount of R3100 for quality and R1500 for quantity safeguarding annually. Respondents 
living along the Silvermine River reported the lowest average amounts in this category. Those 
residing along the upper reaches were willing to pay the highest annual averages in this category. 
 
In the highest payment category (between R5001 and R10 000), a WTP average amount of R7667 
was reported for quality safeguarding. Those living along the Liesbeek recorded the highest amount 
willing to be paid. No respondent showed a WTP between R5001 and R10 000 for quantity 
safeguarding along any of the rivers or river reaches. Highly significant differences emerged 
between annual income and the amount respondents were willing to pay annually (p < 0.01).  
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Figure 4.3: Average amount respondents are willing to pay for safeguarding river-water quality and quantity in 
three payment categories across the lower, middle and upper reaches of the Liesbeek, Silvermine and Sand River 
in Cape Town 
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4.5 Discussion 
Ecosystem valuation plays an important role in calling attention to the value of biodiversity and to 
ES (Brondízio et al., 2010). The logic behind ecosystem valuation is to disentangle the complexities 
of social-ecological relationships, understand how human decisions affect ES values and to express 
these values in units, such as monetary values, that allow for their incorporation in decision-making 
processes (Bateman & Dupont, 2010; Braat & De Groot, 2012; Brondízio et al., 2010; Pascual et 
al., 2010; Schröter et al., 2014). The idea of capturing the ecosystem functions as monetary values 
has been met with much scepticism and it is clear that there are significant methodological, practical 
and policy challenges associated with applying one-dimensional monetary valuation techniques, 
particularly in developing countries.  
 
Many of these challenges stem from the local socio-economic and political situations in developing 
countries, such as the contributions to livelihoods from the formal and informal economies (Valliere 
& Peterson, 2009), levels of inequality (Lemanski, 2007) and historical or political legacies (Turok, 
2011), which may mean that one should consider and highlight different local social framings of 
the benefits of ES. These socio-ecological findings should complement and challenge monetary 
valuation (Chan et al., 2012; Hein et al., 2006). This chapter did not consider formalised economic 
valuation methods represented in the literature, but rather chose to assess the degree to which 
residents bordering on three rivers in Cape Town to pay for the provision of ES and the safeguarding 
of water quality and quantity. Economic and social valuations were considered independently, 
although they share many interrelated qualities. 
 
4.5.1 Economic valuations 
Economic valuation of the environment is not particularly inclusive of social-ecological values 
(Brondízio et al., 2010). As pointed out by Adamowicz (2004), economic valuation based on social 
factors that influence monetary value generates far more useful information than making a simple 
economic inventory of values. By capturing social contextual variables, one is able to reason why 
some individuals show a higher WTP for service provision than others. Studies have demonstrated 
that income can be a key factor in explaining differences between individuals and income groups 
regarding their WTP for good or services (Ojeda et al., 2008; Saz-Salazar & Rausell-Köster, 2008). 
This study has found that household income is not a significant determining factor in individuals’ 
WTP for ES provision when considering middle- and upper-income groups. Respondents in lower-
income groups (less than R150 000 per year) showed an unwillingness to pay for river water quality 
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and quantity, albeit more likely an inability to pay, possibly due to a lack of expendable income. 
This accords with findings recorded in the literature that income levels indicate the capability of 
paying for ES goods and services and that one would expect an increase in WTP values with 
increasing household income (Casey et al., 2006; Hadker et al., 1997). Although individuals 
residing in lower-income households may not be able to invest in the improvement of ES provision 
(Brondízio et al., 2010; Lee, 2006), this does not mean that they do not value the natural amenities 
provided by natural settings.  
 
The above finding is consistent with those of Hein et al. (2006) and Lee (2006) about the need for 
assessments of the uses and needs of different individuals across income groups to determine the 
type of interaction they have with the ecosystems involved and the prioritisation of use and value. 
This is crucial because WTP studies often overlook or undervalue the social underpinnings of 
environmental valuation. This study established that individuals from lower-income households 
show as much appreciation for quality of the environment, cultural services and conservation values 
as the middle- and upper-income households. By considering only economic justifications, one 
discounts an entire societal layer from equitably using these spaces and this may result in 
demographically skewed programmes and policies.  
 
The monetary amounts respondents were willing to pay annually for safeguarding river quality and 
quantity may not adequately reflect the value of the quality and quantity of river water. The range 
of payment amounts offered in this study were conservative, and they were used to gauge the WTP 
of people residing in historically white, affluent areas, a legacy of apartheid spatial planning 
(Lemanski, 2007). The actual amounts people are willing to pay for improved ES provision show 
noticeable differences based on the river along which the respondents live. Differences in WTP, as 
well as the amounts people are willing to pay annually for enhanced service provision are clearly 
influenced by spatial factors, such as landscape and freshwater systems properties like how natural 
or near-natural the rivers in each stretch are (Rohde et al., 2006; Turpie, 2003) and the perceived 
quality of river water (Brow et al., 1996; Buijs, 2009). Spatially structured socio-economic factors 
also play a role, including the value of properties along particular stretches of river (Breffle et al., 
1998; Loomis et al., 2000) and the wealth of the area (Brow et al., 1996). This said, spatial and 
spatially structured socio-economic factors do not always increase respondents’ preferences (Ryan, 
1998) for payment for ES. 
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Reasons for low monetary WTP values are many (Bateman et al., 2006). One argument centres on 
the undervaluation of the environment. Individuals living along rivers may take these areas for 
granted (Abramovitz, 1998) by not realising the additional amenity value of these spaces or 
undervaluing the resources and services completely or even deliberately (Acharyya, 2009). The 
responses of a number of participants alluded to this in their replies that they had not given much 
thought to other services derived from the rivers adjacent to their properties, other than the 
recreational potential and aesthetic value or the value of these spaces as habitat for plants and 
animals. Some may see rivers as providers of free ES in perpetuity (Abramovitz, 1998; Syrbe & 
Walz, 2012) so that paying for such services is inconceivable to them.   
 
Some respondents seem unaware of the role that financial approaches, such as a WTP for river-
water quality or quantity, may play in ensuring long-term, sustainable service provision (Braat & 
De Groot, 2012; Turpie et al., 2008). Many of the respondents were unfamiliar with the concept of 
WTP and most were uninterested in supporting such a scheme, despite knowing that TMNP and 
other residents living along the rivers would benefit. Others consider the local authorities to be 
responsible to ensure the provision of such services because as rate-payers they expect to be 
beneficiaries of services rendered by TMNP and the City of Cape Town (James et al., 2009).  
 
4.5.2 Social factors 
Although the primary focus of WTP studies is the economics of valuation, it is by considering the 
social aspects that one can better understand the connections such individuals and groups have with 
natural environments (Carpenter et al., 2009; Lambert, 2003; Pascual et al., 2010, Sherrouse et al., 
2011, 2014; Sherrouse & Semmens, 2014). Yet, consideration of the social aspects has been largely 
unexplored in economic-valuation research, especially in developing countries. Attention should be 
given to the social, cultural and historical connections with the landscape (Brondízio et al., 2010; 
Kumar & Kumar, 2008), as well as looking at factors such as family size, household income, or 
visitation rate to the study sites (Brow et al., 1996; Gobster & Westphal, 2004; Ojeda et al., 2008).  
 
This study found that weekly visitors to the rivers showed the greatest WTP for ES. Qualitative 
responses suggest that these individuals covet their time along the river each week, using these 
spaces for relaxation, quietude, nature appreciation, stress relief, combatting fatigue and social 
interactions. Daily visitors reported less WTP than weekly visitors for safeguarding river quality 
and quantity, and although they visit the rivers more frequently, they may take the services for 
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granted as they experience them daily. Monthly visitors showed less of a WTP than daily and 
weekly visitors, so concurring with the WTP findings by Monarchova and Gudas (2009) who 
reported that active users of waterbodies are more willing to pay because of their belief that it is 
possible to improve water quality.  
 
Additional social considerations should reflect on spatial and spatially structured socio-economic 
factors such as location of a residence along a river (Junker & Buchecker, 2008). This study found 
that respondents living along different stretches of rivers showed different degrees of WTP for 
safeguarding quality and quantity. Residents living along the lower stretches of a river showed the 
greatest WTP for safeguarding quality and quantity, compared to those living along the middle and 
upper stretches. Participants living along the lower river reaches perceive their portions of the river 
to be more polluted due, in part, to the effects of land-use and land-cover changes along the upper 
and middle stretches of the river or to the number of pollution points in the higher river reaches (see 
chapter 5). These findings are consistent with those reported by Harbor (1994) and Brown and 
Magoba (2009). The generation and the transport of pollution in urban river systems are very 
complex and the processes are subject to numerous spatial and temporal variables (Ahyerre et al., 
1998). Moreover, downstream river reaches often report poor water-quality readings due to 
cumulative upstream activities (Abraha, 2007). This study’s findings are in agreement with this 
because most of the respondents perceive the majority of riparian impacts to occur in the middle 
and lower stretches of the rivers. Some participants indicated that the wealthier neighbourhoods in 
the upper river stretches do not impact on river quality and quantity as much as residents living in 
suburbs farther downriver. This result speaks to the interrelated nature of spatial correlations 
between respondents’ opinions of where impacts occur along the rivers and spatially structured 
socio-economic differences. In the context of Cape Town, these sentiments may be as a result of 
the proximity of wealthier households to TMNP as areas closest to urban protected areas have not 
had the same degree of land-use change and associated negative impacts on ES provision as the 
areas further downstream (Brown & Magoba, 2009; Rohde et al., 2006).  
 
Duration of residence is also a recognised factor in preferences for environmental improvements 
(Cho et al., 2005). Respondents new to the area and resident for less than five years, as well as those 
who have lived in their homes for more than 20 years, showed the greatest WTP for river 
management. The new residents stated that they were willing to invest in management practices to 
protect the river and ensure that the environment remains as is or improves so that the investment 
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in their properties is not jeopardised by environmental degradation. This is in accordance with 
Ryan’s (1998) findings where relative newcomers felt that the characteristics of riverfront land 
enhanced property value. The Cape Town study found that long-term residents (over 20 years) also 
attach high value to the river environments in line with findings by Um et al. (2002). This possibly 
relates to investment in the property over time and, perhaps, investment in the community, as well 
as a commitment to improving the quality of life and the environment (Casey et al., 2006).  
 
Investments in the property suggest that homeowners would be more willing to pay for safeguarding 
quality and quantity as opposed to those who rent their dwellings. This study’s findings point to 
homeowners and tenants showing an equal WTP for safeguarding quality and quantity. Other 
studies have nevertheless found that tenants are less inclined to pay for improved services 
(Whittington et al., 1998), whereas homeowners may assign a security aspect to WTP where they 
know that they will occupy the property and that investments in their surroundings will bring 
increased value to their property (Casey et al., 2006). 
 
4.5.3 Ecosystem-service values 
Valuation studies are a tool for reflection. This reflection helps people to reconsider their 
relationships with the natural environment and increase their understanding about the consequences 
of choices, perceptions and behaviour (Brondízio et al., 2010). Such considerations are necessary 
for integrating some dimensions of human well-being that cannot be measured in monetary terms, 
such as cultural service provision (De Groot et al., 2010a, 2010b). The method used in this study 
was for that very purpose and sought to identify opportunities in better understanding the social and 
cultural values of ES in a developing-city context. Although most societies value the services that 
ecosystems provide, these may have different significance in different societies (Diaz et al., 2015; 
Elmqvist et al., 2010a, 2010b), according to how people articulate values for nature, in this case 
based on specific ES benefits derived from riparian systems.  
 
For many people, biodiversity and natural ecosystems are a crucial source of well-being through 
their influence on mental health through cultural service provision (De Groot et al., 2010a; Gomez-
Baggethum et al., 2013) (see chapter 2). Cultural services and biological protection were jointly 
ranked as the primary reason for the respondents’ WTP for safeguarding river quality and quantity. 
These qualify as two of the most important components of urban identity (Loomis et al., 2000). The 
inclusion of people’s attitudes toward cultural values and biodiversity is essential for understanding 
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the behaviour around the conservation and management of riparian areas (Martín-López et al., 
2007). Experiences in nature or perceptions of nature all speak to a connection with the environment 
felt by some urban residents (Hadker et al., 1997) which may in turn influence the cultural-use 
values of these environments (Gomez-Baggethum et al., 2013). Because cultural services are 
especially important in urban contexts (Bolund & Hunhammar, 1999; Gomez-Baggethum & 
Barton, 2013; Rohde et al., 2006), it is suggested that many cultural services depend primarily on 
biodiversity (Elmqvist et al., 2010b). In some cases, the cultural values of an ecosystem or a 
landscape are irreplaceable (Plieninger et al., 2013). A more normative aspect that may influence 
local residents’ attitudes toward safeguarding ES is related to the perceived importance of biological 
protection and conservation (Buijs, 2009). It is encouraging to see that biological and habitat 
protection rank so highly as justifications for respondents’ WTP for safeguarding river quality and 
quantity, especially as social, financial and government support for conservation is dwindling as 
other social needs take precedence, partly because so little is known of the social value of the 
biodiversity in both Cape Town and TMNP (Turpie, 2003). Those who value rivers by considering 
their current and future role in preserving biological diversity and cultural values are willing to pay 
more for safeguarding the quality and quantity of waterbodies (Bateman et al., 2006; Bolund & 
Hunhammar, 1999; De Groot et al., 2010a, 2010b; Gobster & Westphal, 2004; Hadker et al., 1997; 
Loomis et al., 2000; Ojeda et al., 2008,). 
 
It has been well documented that residential property values are influenced by proximity to site-
specific amenities (Breffle et al., 1998; Cho et al., 2008), such as cultural values of a landscape or 
perceived ecological quality, yet in this study the potential economic contributions of improved 
river quality and quantity did not rate as highly as the cultural and ecological aspects. Although 
increase to property prices was reported by many respondents, those who show a WTP did not see 
this as key priority. This finding supports the decision to adopt a mixed-method approach which 
further explores the social texture to WTP, rather than taking a solely economic stance. Some 
respondents commented on whether their WTP for safeguarding quality and quantity would increase 
the value of their property enough to justify the additional expense. Breffle et al. (1998) aver that 
WTP for safeguarding does not necessarily equal the expected impact that management will have 
on the value of other property. Findings by Loomis et al. (2000) do however suggest that there is a 
property value differential between households along a river with improved water quality compared 
to homes along degraded rivers with poor water quality. 
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Provisioning services, captured in water abstraction by those living immediately alongside rivers, 
showed a similar proportional contribution to those willing to pay for safeguarding quality and 
quantity as noted in property-value increases. In this study the provisioning value of river water 
appeared to be undervalued. This undervaluation has been reported in both developed countries 
(Fitter et al., 2010) and in developing countries (Iftikhar et al., 2007) where it emerges that urban 
ecosystems typically contribute minimal levels of provisioning services. This may account for these 
services being valued by so few in this study. A number of respondents did raise the issue of needing 
to secure water and they alluded to the need for greater management of rivers throughout the city 
toward this end. Further exploration is required to determine whether provisioning services are 
indeed valued lower than other services in developing-city contexts; to consider the barriers to entry 
for deriving maximum benefit from these services; and whether the provisioning-service proxy used 
in this study is indicative of all provisioning services or if other goods and services are valued higher 
or used more. 
 
4.5.4 Preferences for river-water quality and quantity 
Comparatively, many more respondents were willing to pay and willing to pay more to safeguard 
water quality in the three case-study rivers compared to water quantity. This is supported by findings 
in the literature which suggest a heavy bias toward resource quality (Newbold & Massey, 2010). A 
great deal more focus has been placed on the valuation of water quality and water quality issues 
compared to valuation studies around quantity of water. (Eiswerth et al., 2000), despite water quality 
and quantity often being interrelated (Genius et al., 2008). Perhaps respondents are unaware of the 
necessity for water quantity for biological functions and processes (Neary et al., 2009; Karr, 1991) 
and are more inclined to appreciate the values associated with water quality. This may change as 
water becomes scarcer (Eiswerth et al., 2000) and the flows of rivers and streams are further 
influenced by landscape modification (see chapter 5) as well as changes in local climatic conditions 
and rainfall patterns. Improvements in environmental and resource quality and quantity may also 
lead to shifts in demand and changes in preferences (Whitehead et al., 2000). 
 
4.5.5 Willingness to pay in a developing city context 
This chapter shows that the WTP approach may not be the preeminent option to consider in the 
context of a developing city and as such, both the City of Cape Town and TMNP officials (see 
chapter 3) may need to reconsider how they derive much-needed funding for adequate, effective 
and equitable provision of water-related ES. Perhaps TMNP could adopt a larger scale 
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(national/international) PES scheme as the city residents interviewed showed a low WTP for ES 
provision, even in those households that would appear to be in an income bracket that could afford 
to pay for a PES scheme. Reasons for respondents’ unwillingness to pay comprised various 
economic and social factors including an inability to pay for ES (especially in lower-income 
households) and spatial and spatially structured socio-economic factors. These results could, 
however, be a product of those sampled (river neighbours). Further studies could be undertaken to 
cast the net wider and include additional active users of the rivers in Cape Town (see chapter 6). 
Additionally, further research could focus on whether active users of TMNP would show a WTP 
for ES specifically inside TMNP, albeit that many services and service bundles will flow out of the 
park too.  
 
Many of the respondents listed economic reasons as justifications for not being willing to pay for 
river-water quality and quantity. In some households, particularly lower-income households, which 
are likely to be prevalent in developing-world cities, individuals may not be able to pay for ES 
(Casey et al., 2006). In these circumstances, it is advisable to consider other management 
approaches, such as community-driven projects (e.g. friends groups), or a barter/exchange service, 
where goods and services, time, experience and knowledge can be offered instead of financial 
commitments. This is a more inclusive way of getting community buy-in and involvement in water-
system restoration projects but also gives a sense of ownership of the successes of an ES project 
(Alessa et al., 2008; Casey et al., 2006; Fagerholm et al., 2012). In those households that are in a 
bracket that suggests they are able to pay (albeit not necessarily willing to pay) many commented 
that the WTP concept appears to be another mechanism for extracting money from the rates- and 
tax-payers. Respondents asked how those who paid a fee for service provision could be guaranteed 
an improvement in the quality and quantity of services over time. A common application is to value 
water-quality improvements by using one or more measures of water quality conditions as 
explanatory variables (Newbold & Massey, 2010). Further, respondents asked how those who pay 
the fee could be guaranteed that their money will not just be added to some “big pot of money” 
which will be shared among multiple projects or simply just disappear into parastatal coffers. Others 
asked if it was possible to pay for specific services and not others. Perhaps this last point presents 
an opportunity and could be expanded on as an approach in garnering support for a WTP scheme. 
By people paying for the conservation and management of riparian areas for cultural service 
provision and the maintenance of natural areas, in turn provisioning and regulatory service may also 
be enhanced (Andrés et al., 2012; Lavorel et al., 2011; Mace et al., 2012; O’Farrell et al., 2012).  
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Regardless of how the WTP is framed or marketed to the end user there will be a need to measure 
baselines of existing service levels and create key performance indicators to indicate improvements 
or declines in ES provision over time (Keeler et al., 2012) (see chapter 5). Key tools and methods 
will need to be developed or enhanced to undertake such assessments and resource managers will 
need to be adequately trained in gathering data (Braat & De Groot, 2012; Chadwick et al., 2014; 
Hauck et al, 2013; Knight et al., 2008; Primmer & Furman, 2012) (see chapter 6). Structures will 
need to be in place to communicate these changes in service provision over time as well as how 
funds generated from a WTP programme are spent. A key element would be to include feedback 
mechanisms whereby fee payers can directly channel questions, comments or criticism to resource 
managers and those operating the WTP programme (Anton et al., 2010; Braat & De Groot, 2012; 
Primmer & Furman, 2012; Roux & Foxcroft, 2011). Stakeholder engagement would be critical in 
creating transparent, accountable and sustainable WTP programmes.  
 
Ultimately, even if respondents in this study showed a higher WTP for riparian services, is it indeed 
possible to ensure greater service provision without considering the broader landscape? Despite the 
majority of riparian impacts occurring within the riparian buffer zone of 100 m (Gergel et al., 2002) 
the surrounding land use influences freshwater systems and their ability to generate and provide ES. 
The influences of land-use change on riparian ES over spatial and temporal scales will be discussed 
in more detail in chapter 5. 
 
4.6 Conclusion 
Rivers are vital components of urban landscapes where they provide city residents with a suite of 
ES which in turn hold significant value. There are multiple dimensions and concepts of value 
embedded in urban ES and valuing these services entails conceptual and methodological challenges 
to account not only for different dimensions of value and their interconnections, but also on 
assimilation of different social, economic and ecological perspectives.. Although WTP studies tend 
to concentrate heavily on the economics of value systems, social aspects are critical in improving 
our understanding of the justifications for some individuals being more willing than others to pay 
to preserve the environment. Various social factors, such as duration of residency, show positive 
relationships with environmental safeguarding. Spatial factors could play an important role in 
mainstreaming management interventions to protect ES. Cultural ES and biodiversity protection 
were ranked as the joint primary reasons for protecting the rivers, indicating a high appreciation for 
the natural environment. Improvements to properties to increase their value and benefits derived 
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from water abstraction rated lower. Economic findings in this study show that middle- and upper-
income households are more willing to pay, although this should be reconsidered as being more 
able to pay for safeguarding river quality and quantity. The monetary values those who are willing 
to pay for the safeguarding of river quality and quantity do not adequately reflect the value of the 
riparian systems. One must conclude that in the context of a developing city a WTP programme 
may not be the best option and that management alternatives should be sought. Perhaps this is as a 
result of the households sampled, the inclusion of only river neighbours in this study, or the ES 
variables considered. Respondents claim a variety of reasons for why the WTP concept would not 
work, including lack of assurances that their contributions would indeed benefit river quality and 
quantity, that managing the rivers is a function of the City and TMNP, as well as historical legacies 
of landscape modification (considered in the next chapter, chapter 5).  
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CHAPTER 5. METHODOLOGICAL AND EMPIRICAL 
CONSIDERATIONS WHEN ASSESSING THE PROVISION OF 
FRESHWATER ECOSYSTEM SERVICES IN A DEVELOPING 
CITY: MAKING THE BEST OF WHAT WE HAVE 
 
 
5.1 Introduction 
Since the first half of the twentieth century, there has been a significant transition from undisturbed 
to human-dominated landscapes across many areas of the globe (Sánchez-Azofeifa et al., 2003; 
Tscharntke et al., 2005). This transition has greatly impacted the functioning of ecosystems by 
altering their ability to meet human physical and social needs (Larondelle & Haase, 2013; Pickett 
et al., 2004). Demands on natural capital and ecosystem services (ES) keep growing steadily 
(Gómez-Baggethun et al., 2013) and we increasingly recognise that these human actions are the 
principal threat to the ecological and physical integrity of landscapes and ecosystems. Freshwater 
ecosystems are particularly vulnerable because rivers are dynamic and have recurrent disturbances 
(Everard & Moggridge, 2012; Nilsson & Berggren, 2000) such as changes in land cover and land 
use impacting on ecological processes, habitat and biota (Brown & Vivas, 2005), water quality, as 
well as the supply of specific ES (Burkhard et al., 2012) via numerous and complex pathways 
(Allan, 2004; Townsend et al., 2003) and across multiple scales. Although most urban river systems 
are heavily degraded (Everard & Moggridge, 2012; Findlay & Taylor, 2006), these systems are still 
recognised as important natural ecological networks, providing critical cultural, provisioning and 
regulating services to city residents (Loomis et al., 2000; Zander & Straton, 2010). 
 
River ecologists have long recognised that rivers and streams are influenced by the landscapes 
through which they flow (Allan, 2004; Everard & Moggridge, 2012). Protected areas within urban 
areas, such as national parks, contain ecological infrastructure including freshwater ecosystems, 
which provide valuable ES (Bolund & Hunhammar, 1999; Gomez-Baggethum et al., 2013; 
Larondelle & Haase, 2013) (see chapters 2 and 3). As water moves from these natural spaces into 
more disturbed and altered landscapes in cities, the ecological and physical characteristics of the 
rivers typically change both through space, and as the urban land use and land cover develops and 
changes, through time, impacting on the ES that urban residents receive (Costanza et al., 2006; 
Reeves et al., 1995). These changes influence how ES are valued and used by urban residents which 
may motivate how the landscapes and resources are managed and governed as well as the 
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willingness (or ability) to pay (WTP) for the delivery of current and future services and service 
bundles (see chapters 2, 3 and 4). However, it is difficult to assess the impacts on ES delivery as a 
result of land-use change so approaches need to be developed to achieve a better understanding of 
these changes over time (Large & Gilvear, 2015; Wong et al., 2015).  
 
Quantitative and/or qualitative data that allow us to understand change over time relating to the 
contribution of urban rivers and streams to the delivery of ES is scarce (Lundy & Wade, 2011). 
There is often a lack of long-term data for effective analyses, mapping and modelling of systems 
(Bertzky & Stoll-Kleemann, 2009; Large & Gilvear, 2015; Raudsepp-Hearne et al., 2010). This 
may be as a result of the expense of recording and measuring environmental variables, as well as a 
lack of capacity for data gathering and storage in developing regions (Millennium Ecosystem 
Assessment, 2005). This hinders our understanding of what ES are delivered under 
anthropogenically altered conditions (Bennett et al., 2009; Large & Gilvear, 2015; Wong et al., 
2015). These data shortcomings make researching the impacts of land-use change on freshwater 
ecosystems that much more challenging, requiring creative and novel methodological research 
approaches in cities (Keeler et al., 2012).  
 
This chapter contributes to both the empirical and methodological literature by exploring how 
anthropogenic-driven changes in urban riparian landscapes in a developing region impact on the 
supply of ES. This chapter builds on the outcomes of the previous three empirical chapters by 
considering how landscape changes influence the provision and delivery of ES over space and time. 
There were two objectives in this study. The first considered the development of a novel assessment 
approach, using available and diverse data sets. These data sets acted as multiple lines of evidence, 
supporting the outcomes from comparisons between the assessment approach and long-term water 
quality data. The second objective was to validate the assessment approach by applying it to the 
three case-study rivers considered in the previous chapter (see chapter 4). We integrate land-use 
changes and contrast these with long-term water-quality data to assess the levels of ES provision of 
three case study rivers in the city of Cape Town, South Africa, across a multidecadal period. These 
rivers flow from a protected area into the metropolitan environment where the impacts of land-use 
change and the ability of measured indicators to capture change can be assessed. Gradients of 
landscape change and variations in water quality over time and along river reaches are related to the 
capacity of these freshwater systems to supply ES. 
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5.2 Study area 
5.2.1 Cape Town 
The city of Cape Town is located on the south-western tip of South Africa (Figure 5.1) and occupies 
an area of roughly 2460 km² with a population of 3.7 million people (Statistics South Africa, 2011). 
The city has a varied topography, with mountain ranges in the south-west and east, a low-lying 
highly-urbanised region in the centre known as the Cape Flats, coastal areas on the southern and 
western borders and agricultural areas in the north-east (Rebelo et al., 2011). Considerable changes 
to the landscapes around Cape Town have occurred since European arrival in the 1600s. Much of 
the native forests and natural vegetation has been removed, making way for agriculture, formal and 
informal residential areas, as well as commercial and industrial centres (Anderson & O’Farrell, 
2012).  Changes to the landscape through development and urban sprawl, such as an increase in 
hard surfaces (Trombulak & Frissell, 2000) continue to impact on natural areas in Cape Town 
(Turok & Watson, 2001). The amount of natural versus disturbed vegetation cover is also of concern 
as there are high incidences of plant species which are threatened with extinction (Rebelo et al., 
2011). 
 
The waterways and waterbodies of Cape Town have been pivotal in the history of the Cape shaped 
by the region’s political and social history as well as by nature and technology (Brown & Magoba, 
2009). These water systems have provided numerous ES and were a driving factor in historic 
engagements with the region (Anderson & O’Farrell, 2012; O’Farrell et al., 2012). This social 
engagement has placed tremendous demands on natural resources and urban infrastructure in and 
around the rivers of Cape Town and has had a substantial effect on the ecological integrity and 
functioning of the city’s riparian landscapes and systems (Brown & Magoba, 2009). River courses 
have also been redirected, excavated, canalised and silted up with eroded sediment (Water Research 
Commission, 2007). These changes to freshwater systems are further compounded by pollution 
which is often discharged via stormwater outlet pipes or washed directly into rivers. Further, the 
hardening of the catchments has increased peak storm-water runoff during rainstorms well beyond 
natural levels (Brown & Magoba, 2009; Lundy & Wade, 2011) so compounding many other land-
management issues. Many of Cape Town’s rivers are described as being in a poor state with efforts 
to rehabilitate them often hampered by the duration and scale of change since their pre-disturbance 
condition (Anderson & O’Farrell, 2012). 
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Figure 5.1: Location of the water-quality sampling points along the Liesbeek, Sand and Silvermine Rivers in 
Cape Town, South Africa. The Brommersvlei Stream is abbreviated to Bromm. Stream 
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5.2.2 Rivers under review 
This study focused on three rivers in Cape Town, namely the Liesbeek, Sand and Silvermine Rivers 
(Figure 5.1). These rivers were selected because their headwaters are in Table Mountain National 
Park (TMNP), their varying degrees of anthropogenic impacts over time and the availability of 
municipal records of water-quality monitoring.  
 
5.2.2.1 Liesbeek River 
The Liesbeek River, which is approximately 9 km long, is situated in the oldest urbanised river 
valley in South Africa. Records of indigenous use are limited, but major extraction and use was 
seen from the 1650s (Brown & Magoba, 2009). The headwaters of the Liesbeek River flow from 
the eastern slopes of Table Mountain where the vegetation is largely indigenous and undisturbed. 
The course of the Liesbeek River follows a north-north-east striking fault zone (Brown & Magoba, 
2009). Water abstraction occurs along much of the river’s path causing the flow to reduce during 
the summer months (Water Research Commission, 2007). Approximately 40% of the river’s course 
is canalised (City of Cape Town, 2005). 
 
5.2.2.2 Sand River 
The Sand River is approximately 4 km long (City of Cape Town, 2005). The Sand River catchment 
area is located in TMNP and feeds a number of other rivers in the area. There are confluences with 
the Diep River and Brommersvlei Stream in the upper reaches of the catchment. The gentle gradient 
of the landscape in which the Sand River is located allows the river to follow the course of the 
underlying palaeovalleys (Brown & Magoba, 2009), flowing in a southerly direction. A reduction 
in summer flow in the Sand River is due to invasive tree species and water abstraction. 
Approximately 75% of this river is canalised (City of Cape Town, 2005). 
 
5.2.2.3 Silvermine River 
The Silvermine River is approximately 11 km long. The river’s headwaters are in TMNP. The river 
course is controlled by the major lineaments in the surrounding geomorphology (Brown & Magoba, 
2009) and flows in a south-westerly direction. There is a reduction in summer flows in the 
Silvermine River as a result of water abstraction (City of Cape Town, 2005). Alien invasive plants 
reduce flow all year round (Brown & Magoba, 2009). Although alien-vegetation clearing has taken 
place in the middle reaches of the Silvermine River, garden-variety exotics pose a threat to its habitat 
diversity, the recovery of indigenous vegetation and aquatic life (City of Cape Town, 2005). No 
part of the Silvermine River is canalised. 
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5.3 Methods and materials 
The methods developed and materials used in this study integrate numerous and varied data sources. 
These include the use of aerial photographs and geographic information systems (GIS) to determine 
levels of land-use change within a river buffer zone, as well as the selection of freshwater ES based 
on various literature. Using these data, this study developed a novel scoring system to determine ES 
change over temporal and spatial scales. Historical water-quality data are used as another line of 
evidence which suggest changes in ES over time. A flowchart of the steps followed in this study is 
presented in Figure 5.2. 
 
5.3.1 Assessing land-use change 
Available aerial photographs of the study areas were obtained from the Department of Rural Affairs 
and Land Reform for 1977, 1988, 2001 and 2010. Only one photograph per area per time period 
was captured. The average time period between aerial photographs used in this study is 11 years. 
Aerial photographs were geometrically corrected to ensure that the scale of the study sites was 
uniform and the photographs were georeferenced using Esri’s ArcGIS against the 2010 aerial 
photographs (Figure 5.2). The aerial photographs for 1977, 1988 and 2001 had been radiometrically 
corrected. The aerial photographs for 2010 were received as orthophotographs and had already been 
topographically corrected.  The resolution of the 1977, 1988 and 2001 imagery is 50 cm while that 
for 2010 is 12.5 cm. Aerial photographs were mosaicked into a single image for each river. 
 
A 100-m buffer zone was assigned to each side of the case-study rivers using the mosaicked aerial 
photographs for the four time periods. A buffer zone of this size is sufficient to capture surrounding 
land-use effects, it is suitable for local-scale research (Allan, 2004; Brown & Vivas, 2005) and it is 
believed to be the area with the greatest impact on water quality (Gergel et al., 2002). Within the 
buffer zones land use was delineated according to six land-use types based on the Cape Town 
Spatial Development Framework (City of Cape Town, 2012). A land-use typology was developed 
based on activities occurring in the buffer zone. The use types are residential, industrial, 
commercial, natural vegetation, disturbed land and open space/recreation. Polygons of each land-
use category were created along the buffer zone according to the upper, middle and lower reaches 
of the case-study rivers. The total area of each land-use category was calculated for each of the four 
time periods (Table G1 in Appendix G). Overall changes across the river reaches for the three case 
study rivers are reflected in Table G2 (Appendix G). 
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Figure 5.2: Methodological framework used to determine levels of change in freshwater ecosystem services in Cape Town, South Africa  
 
1
0
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5.3.2 Selecting services 
The selection of ES is based on those reported by Burkhard et al. (2012), De Groot et al. (2002) and 
De Groot (2006) and grouped according to the Millennium Ecosystem Assessment’s (MA) ES 
categories (Millennium Ecosystem Assessment, 2005) (Figure 5.2). Regulating and supporting 
services were combined as these are believed to be interdependent. Only services related to or 
influenced by freshwater systems were selected (Table G3 in Appendix G) and provide a broad 
overview of the types of services offered by case study rivers in each of the MA categories. Scores 
for each ES are reported for the upper, middle and lower reaches across each of the four time 
periods, resulting in 12 scores for each ES over the study period. 
 
5.3.3 Land-use change scoring system 
A scoring system was developed to determine the impacts to freshwater ES due to changes in land 
use over time. Scoring was determined by the changes in land use within the buffer zone over time 
between 1977, 1988, 2001 and 2010 for the upper, middle and lower reaches across the three case-
study rivers using six variables (Figure 5.2). Each land-use variable was chosen according to its 
sensitivity to land-use change (Table 5.1). Kroll et al. (2011) have recommended that the target of 
this type of study should be a good compromise of precision, broad applicability to a variety of 
landscapes and adaptability to varying data availability. Scoring in this study involves a 
methodological approach which aims to determine whether the scoring system is an acceptable or 
valid approach to determining transitions in service provision across time periods and across 
landscapes. The relationships between land use and land cover were not explored in this study.  
 
The percentage ranges of the variables (Table 5.1) were adapted from studies reported by Chin 
(2006), Findlay & Taylor (2006), Klein (1979), Ladson (2004) and Paul & Meyer (2001). Scoring 
of ES was done on a ranking scale where 1 point is allocated to high levels of impact or negative 
land-use attributes, such as a decrease in natural vegetation within a wetland area between two time 
periods. A score of 4 was allocated where surrounding land use had a positive influence on ES 
between time periods, such as an increase in natural vegetation cover within the river buffers which 
were previously degraded. Each ES (e.g. microclimate regulation) was scored for each of the six 
variables along the upper, middle and lower reaches across each of the four time periods. To limit 
the possibility of having each ES score replicated across the individual ES in each category due to 
the land-use variable percentage or value (e.g. each cultural service awarded the same score in a 
given time period based on percentage natural vegetation cover), consideration was given to the 
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influence of social-ecological factors based on the literature and expert knowledge. It is 
acknowledged that further refinement of the percentage breakdowns and social-ecological factors 
would be ideal and is something that could be addressed in future research or use of this method. 
For the purpose of this chapter, these breakdowns were used to determine the efficacy of the 
developed approach to determining the influence of land-use change on ES provision. 
 
Table 5.1: Rank scores for land-use variables, canalisation and pollution points 
Variables Value Score 
Amount of natural vegetation cover in 100 m buffer 
51% - 100% 4 
26% - 50% 3 
11% - 25% 2 
0% - 10%  1 
Amount of disturbed vegetation cover in 100 m buffer 
0% - 10% 4 
11% - 25% 3 
26% - 50% 2 
51% - 100% 1 
Amount of hard surfaces in 100 m buffer 
0% - 10% 4 
11% - 25% 3 
26% - 50% 2 
51% - 100% 1 
Amount of soft surfaces in 100 m buffer 
51% - 100% 4 
26% - 50% 3 
11% - 25% 2 
0% - 10%  1 
Amount of river canalised 
0% - 10% 4 
11% - 25% 3 
26% - 50% 2 
51% - 100% 1 
Storm-water drains/pollution points 
1 - 5 4 
6 - 10 3 
11 - 15 2 
16+ 1 
 
For each social-ecological factor considered a point was either added or subtracted to the score 
obtained from the variables listed in Table 5.1. Individual ES can be influenced by more than one 
social-ecological factor and can have numerous points added or subtracted accordingly. Social-
ecological considerations are critical in studies considering the provision of ES in urban settings 
(Chan et al., 2012) and in landscapes containing freshwater systems (Everard & Moggridge, 2012; 
Gilvear et al., 2013; Large & Gilvear, 2015; Wong et al., 2015). A list of the social-ecological 
factors influencing each ES considered in this study is given in Table G4 in Appendix G. Social-
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ecological factors and their relative impact were derived from the literature and from discussions 
with municipal managers and water-resource managers. The social-ecological factors influenced by 
changes in land use are context specific and must be adapted to specific settings based on geographic 
locations (e.g. cities versus rural settings) and levels of development (e.g. global South versus global 
North). The scores for each of the six land-use variables were combined with the social-ecological 
factors for each of the 17 ES along each river reach. Mean values were derived which were used to 
determine the changes in service provision over the river reaches and time periods. An example of 
how the scoring exercise was implemented is shown in Table G5 in Appendix G. A total of 1176 
entries was collected for each river across the four time periods. Variables were evenly weighted. 
Microclimate regulation had four entries as this service is not influenced by river canalisation or the 
number of storm-water drains. Disturbance prevention and noise reduction were influenced by five 
variables, with no influence from storm-water drains.  
 
5.3.4 Analyses of water-quality data 
Historical water-quality data were obtained from the Catchment, Stormwater and River 
Management Branch of the City of Cape Town. Eleven water-quality indicators were measured at 
various locations along each of the case study rivers. These indicators are conductivity; dissolved 
oxygen; E. coli; faecal coliforms; nitrates and nitrites; pH; soluble ammonia; unionised ammonia; 
total phosphorous; total suspended solids; and water temperature. As the main thrust of the paper is 
ES provision and not the analyses of water quality variables, mean changes in water quality 
variables are recorded in Tables G6, G7 and G8 in Appendix G. 
 
Data sets for the three rivers spanned different periods, with water-quality measurements collected 
from January 1976, March 1978, and August 2000 until December 2010 for the Liesbeek, Sand, 
and Silvermine Rivers respectively. The start dates for collection of some indicators was later than 
the commencement of water sampling in some rivers, for example E. coli sampling. In these cases, 
mean decadal values for these water-quality variables were reported for decades in which sampling 
occurred. For the purpose of this study, records were grouped by decadal periods (1980s, 1990s and 
2000s) as these are believed to best capture the impacts from preceding land use. Data preceding 
1980 were not included. 
  
River reaches were sectioned into upper, middle and lower reaches according to the locations of 
municipal water-quality sampling points (Figure 5.1) as these created the end points on which to 
measure indicators from the river reach above. The number of water-quality testing locations is not 
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equal in each river reach. Where multiple testing stations are present in a single river reach, a mean 
total was reported. Decadal means for each variable across the three rivers (Tables G6, G7 and G8 
in Appendix G) were compared against target water quality ranges (TWQR) based on guidelines 
laid down by the national Department of Water Affairs, as adopted from Environmental Protection 
Agency guidelines (Department of Water Affairs and Forestry, 1996). Thresholds for water quality 
variables were not tested for specific ES and were not considered for all types of services. 
Thresholds for ES were not developed as different people express tolerances to change differently 
(Ernston et al., 2010). People value ES differently (see chapters 2 and 4) and it is difficult to set 
service thresholds in this context.   
 
Spatially structured data is defined on the basis of long-term water quality data collected at 
designated sampling points. Statistics are based on the data collected at sampling points, based on 
hydrological flow of rivers and expert analyses. To establish significant changes in water quality 
across the spatial landscape and through time, data were subjected to Levene’s test of homogeneity 
of variances, followed by analysis of variance (ANOVA) and Kruskal-Wallis tests. Tukey post hoc 
tests further explored levels of significance between variables where applicable. Tables G9 and G10 
in Appendix G record significance of water-quality variables.  
 
5.3.5 Validation of water quality with the land-use change scoring system 
Keeler et al. (2012) caution that a lack of appropriate data to describe the link between changes in 
water quality and changes in the provision of ES that directly affect ecosystem functioning and 
human well-being often limits the potential to successfully integrate biophysical data sets into 
workable models and methods. In this study changes in water quality over the study period were 
used to complement or contrast the findings from the developed land-use change scoring method, 
thus evaluating the effectiveness of the method. Overall, changes in the means of the 11 water 
quality variables (i.e. an overall increase in dissolved oxygen concentrations over time) were 
compared to the overall result from the land-use change scoring system (i.e. an overall increase in 
provisioning services over time) for each reach of the Liesbeek and Sand Rivers. If the number of 
overall changes to water-quality variables supporting the land-use change scoring system exceeded 
50%, the result was deemed to complement the scoring system. Table G3 (Appendix G) lists the 
water-quality variables associated with each ES. An example of how the validation exercise was 
implemented is shown in Table G5 in Appendix G. Eventually, 906 entries representing the overall 
changes in mean water quality were compared to the outcomes of the land-use change scoring 
system. Variables were evenly weighted. 
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5.4 Results 
5.4.1 Assessing land-use change over time  
Broadly, the most significant positive change was noted in the upper stretches of all three case-
study rivers. The lower and middle stretches show change in land-use categories which negatively 
affect ES provision over time across the majority of land-use categories. A summation of land cover 
changes across the reaches of the three rivers is given in Table G2 in Appendix G. 
 
 
5.4.1.1 Regulating and supporting services 
Changes to eight regulating and supporting services provided by the three case study rivers are 
described here, based on changes to land use over time. Changes to service provision were more 
noticeable across all three reaches of the Sand and Silvermine Rivers with declines noted over 
time in many service categories. Little change was observed along the Liesbeek River (Figure 
5.3).  
 
Liesbeek River 
No change was detected for the river’s upper reaches for six of the ES between 1977 and 2010, 
namely microclimate regulation, disturbance prevention, water regulation, waste removal, 
ecological integrity and noise reduction. A decrease in waste treatment occurred over time, while 
nutrient regulation increased. The middle and lower reaches of the Liesbeek showed far more 
variation in ES provision due to changes in land-use variables over the study period. Along the 
middle reaches, declining service provision is noted in microclimate regulation, disturbance 
prevention and noise reduction. Improvements are seen in water regulation, nutrient regulation, 
waste treatment and waste removal, with little change observed in ecological integrity. The lower 
portion of the river shows a downward trajectory for microclimate regulation and disturbance 
prevention, while improvements are observed across water regulation and waste-removal services, 
with little change noted across the remaining five services. 
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Figure 5.3: Regulating and supporting ecosystem service scores in 1977, 1988, 2001 and 2010 for the upper, middle and lower reaches of the Liesbeek, Sand and 
Silvermine Rivers 
 
Sand River 
Along the upper reaches declining service provision is observed in noise reduction as opposed to increases across waste treatment, waste removal 
and ecological integrity. Marginal changes between microclimate regulation, disturbance prevention, waste treatment and noise reduction were 
noted with no change observed across the remaining four services over the study period. The lower reaches revealed the highest levels of declining 
service levels with seven categories showing negative trajectories. A slight increase is noted in disturbance prevention. 
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Silvermine River 
Increases are observed in ES provision along the upper reaches of the Silvermine River across all 
categories. The converse is evident in the lower reaches. The middle reaches recorded seven 
negative scores, with only water regulation improving over the study period. 
 
5.4.1.2 Provisioning services 
Changes to the four provisioning services provided by the three case study rivers are reported here. 
Overall, the Liesbeek River showed an increase in provisioning services over time, with little 
change observed across the Sand River (Figure 5.4). The Silvermine River showed similar increases 
and decreases for provisioning services.  
 
 
Figure 5.4: Provisioning ecosystem service scores in 1977, 1988, 2001 and 2010 for the upper, middle and lower 
reaches of the Liesbeek, Sand and Silvermine Rivers 
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Liesbeek River 
Little change is noted across service categories in the upper reaches of the Liesbeek River. Increases 
in services provision are observed across water supply and material supply in the middle reaches 
with declines noted in refuge functions. No change is observed in the provision of habitable spaces 
across the study period. The lower stretches of the river showed increases across all services over 
time. 
Sand River 
Increased levels of ES provision are observed in the upper reaches across material supply and refuge 
function, with little to no change recorded for the other two services. Overall, change is limited 
across three categories in the middle reaches, with a slight decline seen in levels of human habitation 
over time. Declines are observed for material supply and refuge function along the lower reaches, 
with no change recorded in the other two categories. 
 
Silvermine River 
Levels of provisioning services increased across all categories along the upper reaches over the 
study period. The middle stretch shows no change in water supply and material supply but increases 
in human habitation and declines in refuge functions. Service provision declined across all 
categories along the lower reaches of the river. 
 
5.4.1.3 Cultural services 
Cultural-service provision by the Liesbeek, Sand and Silvermine Rivers are presented in this 
section. The Liesbeek River shows an overall increase in the provision of cultural ES over time, 
while the Silvermine River shows the converse (Figure 5.5). The Sand River shows the least change 
in service provision over the study period.  
 
Liesbeek River 
Apart from a slight increase in aesthetics over time, there was no change observed for cultural ES 
provision along the upper reaches of the Liesbeek River. Increases in service provision were noted 
in all the service categories along the lower reaches of the river, whereas all service levels declined 
marginally in the middle reaches.  
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Figure 5.5: Cultural ecosystem service scores in 1977, 1988, 2001 and 2010 for the upper, middle and lower reaches of the Liesbeek, Sand and Silvermine Rivers 
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Sand River 
Increasing cultural ES provision is noted for aesthetics and cultural and historical services along the 
upper Sand River catchment with recreation and spiritual and religious services reporting no change. 
Science and education services show a decline. Declines were also noted in the provision of 
aesthetics and science and education along the middle stretches of the river, with no change 
observed in recreation or cultural and historical services over the study period. An increase in 
spiritual and religious services was identified. The same trends were noted along the lower reaches. 
 
Silvermine River 
The Silvermine River shows increased levels of cultural ES provision over time across all services 
in the upper reaches. Apart from a decrease in aesthetics along the middle reaches, little to no change 
was recorded across the other cultural-service categories. A decline is noted across all cultural 
services along the lower reaches of the Silvermine River. 
 
5.4.2 Comparisons between changes in water quality and ecosystem service scores 
Mean changes to water-quality variables over the study period were used as indicators of river health 
as well as being used to support the outcomes of ES scores from the developed land-use change 
scoring system. The fluctuations in water quality variables across the upper, middle and lower 
reaches for the Liesbeek and Sand Rivers over the 1980s, 1990s and 2000s are reported in Figures 
5.6 and 5.7 respectively. Sixteen entries are reported for each of the reaches of the Liesbeek and 
Sand Rivers which correspond with 16 of the 17 ES under review. Noise regulation is not influenced 
by water quality. There were 34 increases and 26 decreases in ES provision noted in this study, with 
a further 36 instances of no change in service provision over time across the three river reaches for 
the Liesbeek and Sand Rivers. Due to limited availability of long-term water-quality data for the 
Silvermine River, changes in water quality and ES provision were not compared. 
 
 
5.4.3 Cross-validation of water-quality changes and ES provision across river reaches 
Overall, the cross-validation of trends in water quality and ES provision over the study period 
reported a 79.2% similarity in outcomes. The upper reaches of the Liesbeek and Sand Rivers showed 
that 96.9% (n = 31) of mean changes in water quality variables supported the findings from the 
developed land-use change scoring system. The middle reaches showed less accord, with 62.5% (n 
= 20) of the overall water quality trends supporting the ES scoring outcomes. Trends in water quality 
variables along the lower reaches supported the outcomes of the land-use change scoring system 
with close to 80% congruence (n = 25; 78.1%). 
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Figure 5.6: Mean values of water quality variables in the 1980s, 1990s and 2000s for the upper, middle and lower Liesbeek River. An * indicates significant difference 
(p < 0.05), a ** indicates highly significantly different (p < 0.005), and + indicates significance between two decadal periods or between two rivers. The dotted line 
indicates the national threshold (where applicable).  
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Figure 5.7: Mean values of water quality variables in the 1980s, 1990s and 2000s for the upper, middle and lower Sand River. An * indicates significant difference (p 
< 0.05), a ** indicates highly significantly different (p < 0.005), and + indicates significance between two decadal periods or between two rivers. The dotted line 
indicates the national threshold (where applicable). 
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5.4.4 Cross-validation of water-quality changes and ecosystem service provision 
across river reaches 
Overall, the cross-validation of trends in water quality and ES provision over the study period 
reported a 79.2% similarity in outcomes. The upper reaches of the Liesbeek and Sand Rivers 
showed that 96.9% (n = 31) of mean changes in water quality variables supported the findings 
from the developed land-use change scoring system. The middle reaches showed less accord, 
with 62.5% (n = 20) of the overall water quality trends supporting the ES scoring outcomes. 
Trends in water quality variables along the lower reaches supported the outcomes of the land-
use change scoring system with close to 80% congruence (n = 25; 78.1%). 
 
The Liesbeek River reported 100% accord between the trends noted in water quality compared 
to those derived from the ES scoring system across both the upper and lower reaches of the 
river. The middle reaches of this river recorded only 56.3% support. The upper reaches of the 
Sand River showed the greatest level of congruence between water quality and ES provision, 
with 93.8% in accord. The middle reaches showed 68.8% agreement, while the lower reaches 
recorded 56.3% accordance between trends in water quality when compared to outcomes from 
the developed land-use change scoring system. An example of the method used to determine 
the level of congruence between developed scoring system and water quality variables is shown 
in Table 5.2. 
 
 
5.4.5 Cross-validation of water-quality trends and changes in ES provision  
Comparisons between the directional trends (i.e. increases, no change or decreases) in water 
quality variables over time against the outcomes of the scoring system yielded an overall 
congruence of 74.4%.  The changes to water quality variables showed 100% support for both 
increases in service provision over time as well as in instances where no change was noted in 
the amount of ES provision across the different reaches of the Liesbeek and Sand Rivers. Water 
quality variables did not support the findings in instances Bar graphs, cluster analyses or tables 
have been added to empirical chapters to support the key outcomes of the results sections. 
Number of appendices have been reduced and relate mainly to survey instruments. where 
decreases in ES provision were noted, showing only 23.1% (n = 6) accordance. Decreases in 
both provisioning and cultural service showed 100% discord between trends in water quality 
variables and the outcomes from the ES scoring system, while decreases in regulating services 
showed only 53.8% discord.  
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Table 5.2: Example of cross-validation exercise testing whether the overall changes noted in 11 water-quality variables support the outcomes of the scoring system 
across the upper, middle and lower reaches of the Liesbeek and Sand Rivers. Increases are denoted by a ↗, decreases by a ↘ and no change by a →. 
Ecosystem 
service River 
River 
reach 
Outcome 
of 
scoring 
system Conductivity 
Dissolved 
oxygen E. coli 
Faecal 
coliforms 
Nitrates 
and 
nitrites pH 
Soluble 
ammonia 
Total 
phosphorous 
Total 
suspended 
solids 
Unionised 
ammonia 
Water 
temperature 
No. of water 
quality 
variables 
supporting 
scoring system 
Percentage 
contribution 
H
u
m
an
 h
ab
it
at
io
n
 
L
ie
sb
ee
k
 Upper → ↗ ↗ ↘ ↗ ↘ ↗ ↗ ↗ ↘ ↗ ↗ 7 63.6 
Middle → ↗ ↗ ↗ ↘ ↘ ↗ ↗ ↗ ↘ ↗ ↗ 7 63.6 
Lower ↗ ↘ ↗ ↗ ↗ ↘ ↘ ↘ ↗ ↘ ↘ ↗ 7 63.6 
S
an
d
 
Upper → ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↘ ↘ ↗ ↘ 7 63.6 
Middle ↘ ↘ ↗ ↘ ↘ ↘ ↘ ↗ ↘ ↘ ↘ ↘ 2 18.2 
Lower → ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↗ ↘ ↘ ↘ 7 63.6 
W
at
er
 s
u
p
p
ly
 
L
ie
sb
ee
k
 Upper → ↗ ↗ ↘ ↗ ↘ ↗ ↗ ↗ ↘ ↗  6 60.0 
Middle ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↗ ↗ ↘ ↗  6 60.0 
Lower ↗ ↘ ↗ ↗ ↗ ↘ ↘ ↘ ↗ ↘ ↘  7 70.0 
S
an
d
 
Upper → ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↘ ↘ ↗  6 60.0 
Middle → ↘ ↗ ↘ ↘ ↘ ↘ ↗ ↘ ↘ ↘  8 80.0 
Lower → ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↗ ↘ ↘  7 70.0 
M
at
er
ia
l 
su
p
p
ly
 
L
ie
sb
ee
k
 Upper ↗ ↗ ↗   ↘ ↗ ↗ ↗  ↗ ↗ 6 75.0 
Middle ↗ ↗ ↗   ↘ ↗ ↗ ↗  ↗ ↗ 6 75.0 
Lower ↗ ↘ ↗   ↘ ↘ ↘ ↗  ↘ ↗ 7 87.5 
S
an
d
 
Upper ↗ ↗ ↗   ↘ ↘ ↗ ↘  ↗ ↘ 5 62.5 
Middle → ↘ ↗   ↘ ↘ ↗ ↘  ↘ ↘ 5 62.5 
Lower ↘ ↗ ↗   ↘ ↘ ↗ ↗  ↘ ↘ 3 37.5 
R
ef
u
g
e 
fu
n
ct
io
n
 
L
ie
sb
ee
k
 Upper → ↗ ↗ ↘ ↗ ↘ ↗ ↗ ↗ ↘ ↗ ↗ 7 63.6 
Middle ↘ ↗ ↗ ↗ ↘ ↘ ↗ ↗ ↗ ↘ ↗ ↗ 3 27.3 
Lower ↗ ↘ ↗ ↗ ↗ ↘ ↘ ↘ ↗ ↘ ↘ ↗ 7 63.6 
S
an
d
 
Upper ↗ ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↘ ↘ ↗ ↘ 7 63.6 
Middle → ↘ ↗ ↘ ↘ ↘ ↘ ↗ ↘ ↘ ↘ ↘ 9 81.8 
Lower ↘ ↗ ↗ ↗ ↗ ↘ ↘ ↗ ↗ ↘ ↘ ↘ 5 45.5 
1
1
5
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5.5 Discussion 
This chapter focussed on the integration of existing data sets to develop a new method for 
identifying trends in ES provision derived from urban rivers. These data sets act as multiple 
lines of evidence in supporting the new method. The research shows an overall decline in 
regulating and supporting services over time with little to no change in provisioning services. 
Cultural service provision showed the greatest level of varied change over time. Examined 
spatial trends showed an increase in ES provision along the upper reaches of the rivers, with 
declines recorded along the middle and lower reaches. Water-quality data supported the 
outcomes from the scoring system confirming that the scoring system is sensitive enough to 
indicate changes in freshwater ES provision over the study period and across the spatial extent 
of the three case-study rivers. It is believed that this method can be replicated in other urban 
catchments as long as minimum data requirements are met.  
 
5.5.1 Methodological considerations: integration, viability and repeatability 
5.5.1.1 Opportunities and issues with data integration to create viable ecosystem service 
outputs 
The strength of this study, and the contribution to this thesis, is in trying to integrate multiple 
lines of evidence to support newly developed methods to determine changes in riparian ES 
over time and across space =. This study integrates existing sources of data (Liss et al., 2013) 
with a view to “making the best of what we have”. By using aerial photographs to determine 
land-use change over time it was possible to develop an ES scoring index which was sensitive 
enough to pick up changes in the levels of ES provision. These scoring outputs were confirmed 
by water-quality measures which constituted long-term census data about chemical indicators 
and provided a strong comparative data set with which to verify outcomes from the scoring 
system. This comparison was prone to a level of error because water quality is not always 
directly related to land-use activities (Young et al., 2005) and there is no general framework 
for linking changes in water quality to changes in multiple ES (Keeler et al., 2012). 
Determining the relationships between water quality and riparian ES is particularly 
challenging. Nevertheless, the findings of this study suggest that the methods applied are robust 
enough to calculate the changes in ES provision in the riparian buffer zones over time and 
across space.  It is hoped that this study stimulates exploration into the use of multidata-set 
methodologies in other urban rivers in developing regions with similar data constraints (see 
chapter 6). 
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5.5.1.2 Repeatability of the land-use scoring system 
This study used a simple scoring rubric which is easily adapted to and replicable in other 
riparian landscapes. Some assumptions about rivers were made regarding the links between 
riparian land-use changes and ES delivery. Even where these assumptions are scientifically 
valid locally, there may be a degree of uncertainty regarding universal applicability (Large & 
Gilvear, 2015). The six variables considered in this study are applicable in any developing-city 
context where the aim is to create spatially-relevant ES outputs. These can be adapted to the 
urban riparian landscape in which this method is applied, with additional variables added where 
necessary.  
 
To ensure that studies of this nature are replicable across different urban settings, one needs to 
address the concerns of designing and implementing such methodologies. Concerns relate to 
ease of development, data interpretation and the subjectivity of categories and classes 
(Larondelle & Haase, 2013; Raudsepp-Hearne et al., 2010). Scoring systems should be simple 
in design, yet robust enough to generate effective outcomes. However, caution should be taken 
not to oversimplify the interactions between landscape variables existing across temporal and 
spatial scales (Dobbs et al., 2011). There may also be concerns about the degree to which the 
land-use scoring system is repeatable in different settings. A first concern is that aerial 
photographs and landscape images may be insufficiently detailed and not readily available 
(Large & Gilvear, 2015), especially in some developing countries. This could create problems 
in differentiating between some land-use and land-cover types. In such cases, it may be 
advisable to use multiple land-use and land-cover visualisation tools that combine traditional 
options like aerial photographs with digital options such as Google Earth (Large & Gilvear, 
2015). A second concern relates to the wide range of approaches used to define and measure 
freshwater ES indicators based on the different environmental and social phenomena being 
studied (Liss et al., 2013). Ecosystem service interpretation is influenced by several factors, 
including the discipline of the researchers, their interpretation of ES, their perspective on 
social-ecological interactions, as well as the objectives of a given study (Boyd & Banzhaf, 
2007; Liss et al., 2013). To enhance the repeatability of the presented method and the potential 
to compare findings, multidisciplinary teams comprising of a variety of other researchers, local 
experts and planners could be drawn together to define the ES, determine the suitability of 
variables and social-ecological factors, and to assess and interpret data and scoring outcomes 
(Larondelle & Haase, 2013). Differences in definitions in ES research is a general limitation 
and can restrict comparisons between studies, limit agreement on trends and patterns, and 
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reduce the effectiveness of ecosystem-management strategies based on ES assessments (Liss 
et al., 2013). However, as long as the choice of methods and measurement is well reasoned, 
defensible and explicit, allowance will be made for some level of bias (Liss et al., 2013). A 
final concern regarding repeatability relates to the cost implications of studies (Raudsepp-
Hearne et al., 2010). Scoring systems need to be inexpensive to ensure their uptake in research 
and management. Existing data sets that are accessible, easily collected and readily available 
are favoured (Liss et al., 2013), as was the case in this study. 
 
5.5.1.3 General thresholds for all types of ecosystem services 
Consideration should be given to the sensitivity of specific ES in relation to changes in land 
use. Thresholds relating to changes in ES provision, as a result of land-use change, over both 
spatial and temporal scales, needs further research attention (Ernston et al., 2010). It should not 
be assumed that a general threshold can be applied to all ES and further research will need to 
explore the degree to which individual services and service bundles are influenced by changes 
in land use. However, assessing or setting thresholds for ES management is problematic not 
only because of the varying values and needs associated with ES by different individuals and 
communities (Liss et al., 2013), but also because of the data deficiencies, relationships between 
data and the availability of reliable and robust assessment tools (Larondelle & Haase, 2013). 
This chapter did not set out to explore thresholds of ES, but rather, to explore if a developed 
method could aid in generally assessing changes in service provision over space and across a 
multidecadal period. 
 
 
 
5.5.2 Empirical findings: changes in ecosystem service provision over time and 
across river reaches 
5.5.2.1 Land-use changes through time 
This study has shown an overall decline in regulating and supporting services over time, which 
suggests that the provision of these services is controlled by historical modifications of land in 
the riparian buffer zones. This is in accord with findings by O’Farrell et al. (2012). This finding 
could have significant influence on the outcomes from chapter 4 on WTP where results here 
could further sway people who showed a WTP for safeguarding water quality and quantity. 
Further, the management and governance of landscape needs to consider such changes in ES 
provision when implementing current management practices or devising future policy (see 
chapter 3). Many of these declines, as noted for the Sand and Silvermine Rivers, are in part due 
to expanding residential areas, industrial zones and recreational spaces. These findings are in 
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support of those reported previously by Harding (1994). This is further supported by water-
quality records which show significant changes in numerous measures reflecting negative 
changes to water quality all of which are associated with the expansion of residential and 
industrial areas and human activities in these areas (Brown & Magoba, 2009; Dent et al., 2002; 
Dodds, 2007).   
 
Little to no change was noted for provisioning services in the three case-study rivers. The 
exception being increases in service provision along the Liesbeek River, which historically has 
had high provisioning value (Bhikha, 2013). This may imply that the values assigned to 
provisioning services along these rivers are stable and not impacted significantly by changes 
in land use over the study period. These findings support previous research, suggesting that the 
delivery of regulating services is often more likely to show varied degrees of change due to 
alterations in land use over time and less so for provisioning services, at least in the short term 
(Andrés et al., 2012; Lavorel et al., 2011; Mace et al., 2012). This is significant for the health 
and well-being of individuals and communities in developing cities where some of the 
beneficiaries of provisioning services are those in most vulnerable and economically marginal 
communities (O’Farrell et al., 2012). Improvements in water chemistry over time, such as 
increases in dissolved oxygen and decreases in nitrates and nitrates, total phosphorus, and total 
suspended solids indicate a decline in nutrient loads, which in turn result in fewer ecological 
phenomena, such as algal blooms, thus improving the provisioning functions of urban river 
systems (Dent et al., 2002; Dodds, 2007). However, relationship between algal blooms and 
nutrient loading is not constant as there are a number of other physical and biological 
mechanisms which are likely to modify responses to nutrient loadings (Keeler et al., 2013). 
This applies to most water-quality indicators whereby a single action that affects water quality 
may cause a change in another attribute, such as water clarity, or have a direct effect on the 
provision of various ES that affect different groups of beneficiaries (Keeler et al., 2012). 
Moreover, activities that impact on water quality today can affect water quality far into the 
future, with the consequent challenge of predicting future ES provision and values (Keeler et 
al., 2012). This needs to be considered when devising and implementing landscape-
management systems (see chapter 3) as well as schemes to cover the costs of maintaining urban 
rivers to ensure the provision of ES (see chapter 4). 
 
Cultural-service provision showed the greatest variability of change over time with different 
directional change along different rivers. The Liesbeek River yielded an increase in cultural 
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services over time, probably as a result of rehabilitation projects along the middle and lower 
stretches of the river (Brown & Magoba, 2009). This finding is supported by improvements in 
water chemistry which relate to healthier aquatic systems (Dodds, 2007). Little change in the 
levels of cultural services provision were noted across the Sand River catchment over time, 
while there was a marked decline in cultural services provision along the Silvermine River over 
the study period, despite efforts to remove alien vegetation in the upper reaches (Van Wilgen, 
2012). Given the value of cultural ES derived from freshwater systems in TMNP (see chapter 
2), of which three quarters of the Silvermine River fall within the parks’ boundaries, this is 
potentially a matter for both park managers (see chapter 3) and city officials to consider. 
 
The method developed in this study shows that the relationship between water quality and ES 
scores was positive and robust for improvements or where there was no change in service 
provision, but the relationship falls down for decreasing ES scores and water quality trends. 
The method may need to be improved to address finer-scale land-use change variables when 
looking at the degree of change in ES provision versus water quality trends (Loomis et al., 
2000). Researchers should consider the scale of change when comparing ES provision and 
water quality over time to identify the actual level of difference between the factors being 
compared. It is sensible to reconsider the social-ecological factors relating to increases and 
decreases in ES to ensure that these adequately cover the full range of factors which affect ES 
scoring. In addition, greater engagement with other researchers and experts is well advised to 
assess the nature of ES declines (Boyd & Banzhaf, 2007; Liss et al., 2013). Finally, it is of 
course quite possible that ES provision is actually not declining along some reaches of the case 
study rivers over time and that service levels may be stable or even be increasing. A refinement 
of the method developed in this study will need to consider all these options. 
 
5.5.2.2 Land-use change over space 
The findings of this study indicate an overall increase in ES provision along the upper reaches 
of the case-study rivers due to these areas undergoing conservation efforts or corrective 
management (Van Wilgen, 2012). In the case of this study, this implies that the closer the urban 
riparian area is to its headwaters, which are inside a protected area, the higher the potential for 
ES provision. In cases where the headwaters are inside a city, this may not necessarily be the 
case and may indeed show an inverse relationship (i.e. lower ES provision). The majority of 
water-quality indicators support this finding by showing only slight fluctuations in mean values 
over the multidecadal period along the upper-river reaches.  
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As the water exits TMNP it flows across landscapes which have been modified, resulting in 
impacted river quality further diminishing the ability for urban rivers to yield ES. This is the 
case in the middle and lower reaches where overall declines in service provision were noted. 
Many of these areas have become highly modified (O’Farrell et al., 2012) and they are affected 
by historical practices such as expanding residential, commercial and industrial areas, farming 
practices, dumping and the spread of alien vegetation (Bhikha, 2013). The middle and lower 
reaches recorded significantly worse water quality compared to the upper reaches of the three 
rivers, as a function of their urban status and this negatively affects the ability to provide ES. 
This finding supports the perceptions of respondents in chapter 4 on WTP who believe that the 
majority of water-quality impacts occur along the middle and lower reaches of the rivers. The 
increases in service outputs noted in the middle reaches of the Liesbeek River could be 
associated with riparian improvement practices (Brown & Magoba, 2009). Water-quality data 
supports this finding with value changes that allude to a healthier riverine system (Dodds, 
2007). 
 
This study contributes to the call made by Mitchell et al. (2013) for empirical tests to determine 
how spatial factors, such as connectivity between different river reaches, affect ES provision 
so as to accurately model and manage ES provision across human-dominated landscapes. An 
important consideration when assessing the spatial attributes of ES provision derived from 
land-use change is to understand the nature of connectivity between upstream and downstream 
systems (Jackson & Pringle, 2010; Mitchell et al., 2013; Thorp et al., 2010; Wohl et al., 2005). 
Keeler et al. (2012) suggest that an approach that considers upstream drivers and downstream 
beneficiaries is important to understanding how biophysical change to the landscape influences 
water quality and ES provision. Changes in water quality and quantity affect many aspects of 
ecosystem functions and human well-being as well as the benefits and/or costs accruing to 
different groups of beneficiaries at varying spatial and temporal scales (Mitchell et al., 2013; 
Wohl et al., 2005). Consideration of landscape connectivity in this regard is called for because 
of the important management implications (Jackson & Pringle, 2010; Mitchell et al., 2013), 
such as the maintenance of habitat, biological diversity and system complexity (Amoros & 
Bornette, 2002; Bornette et al., 1998; Freeman et al., 2007; Ward, 1998), spatial heterogeneity 
of river systems (Amoros & Bornette, 2002; Ward, 1998), as well as possible social and 
economic implications such as the WTP for ES (Casey et al., 2006; Lambert, 2003; Loomis, 
2000) (see chapters 2, 3 and 4). 
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5.6 Conclusion 
Rapid urbanisation within developing countries is significantly altering urban landscapes, 
particularly by impacting urban rivers and reducing their ability to deliver important ES. 
Identifying the impacts of land-use change on ES provision at fine scales is complex, time 
consuming and not fully explored either methodologically or empirically in the literature. This 
study aimed to contribute to both by developing an integrative approach to assessing temporal 
and spatial change in ES delivery by drawing on available data. In order to integrate and 
synthesise these data and develop an understanding of ES provision a scoring system was 
developed to determine the fluctuations in ES provision. These data sets acted as multiple lines 
of evidence. A major benefit of designing and implementing a scoring system such as the one 
used in this study is that it is simple in design, cost-effective and replicable across various urban 
settings. This allows for application in other freshwater systems in urban centres. Empirically, 
the data sets used support the findings of the ES scoring system and suggest that fluctuations 
in ES delivery through time and across the river reaches are linked to land-use change and other 
human activities. As water flows out of an urban protected area and travels through transformed 
and impacted landscapes, the resultant effect is a decline in water quality and a diminishing 
ability of rivers to yield ES with increasing distance from the protected area. Urbanisation and 
its associated land-use changes in developing-city contexts, affects potential ES benefits, and 
highlights the need for creating holistic management strategies and interventions, as well as 
directing future research needs.  
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CHAPTER 6. THE COMPLEXITIES OF MANAGING URBAN 
ECOSYSTEM SERVICES IN DEVELOPING CITIES: 
CONSIDERATIONS OF LANDSCAPE FEATURES, 
BENEFICIARIES, METHODS AND MANAGEMENT 
 
Over the next 30 years, the world’s population will become increasingly urban with predictions 
suggesting that two thirds of all people will live in cities around the world (United Nations, 
2015). Much of this growth in urban centres will occur in developing cities (Cilliers et al., 
2013), and is predicted to be the highest in Africa (Anderson et al., 2013). The dynamic and 
heterogeneous nature of developing world cities renders them distinct from their developed 
world counterparts, Factors separating out developing world cities include rapid population 
growth, highly varied land use, faster rates of change and land conversion in urban landscapes, 
weak governance and management of the services provided by these spaces, as well as the 
varied dependence of diverse and heterogeneous communities on ecosystem services (ES) 
provided by these urban environments (Anderson et al., 2013; Carmin et al., 2012; Chan & 
Costa, 2005; Crow, 2001; Dobbs et al., 2011; Müller et al., 2013; Niemelä, 1999; Rigg, 2007; 
Wilkinson et al., 2013). Research is needed to understand and better inform the development 
of these urban centres (Bakker, 2003; Ernston et al., 2010; Smith, 1996; Spronk, 2010; Trzyna 
et al., 2014) with more case studies on urban ecology, urban landscapes and the ES provided 
by city landscapes and features required from developing countries (McHale et al., 2013; 
Parnell et al., 2009).  
 
With populations increasing in developing cities, urban ES management faces certain 
challenges. Changes to urban landscapes, including those in and around urban protected areas, 
may place pressure on the ability of landscape features and elements to produce ES. This may 
influence the sustainability and equitability of ES provision. Equitability of ES provision in 
addressing the needs across heterogeneous socio-economic communities is of significant 
importance in all cities. In developing cities in particular ES needs vary from basic provisioning 
services critical to the livelihoods of the urban poor (Anderson et al., 2013; Elmqvist et al., 
2013; McDonald et al., 2013) to cultural services drawn on across the socio-economic spectrum 
for the wellbeing of all urban citizens (Gómez-Baggethun et al., 2013). It is critically important 
that we understand how ES are realised, used, valued and impacted upon in developing city 
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contexts to ensure appropriate management here, thereby safeguarding sustainable and 
equitable provision of ES to all urban residents. 
 
There are serious concerns about how expanding developing cities affect ecological integrity 
of remaining urban ecosystems such as urban protected areas (Grimm et al., 2008; McDonald 
et al., 2013; Seto et al., 2013). Urban protected areas are distinct from other open natural spaces 
in cities due to their formal protection status and management, which is typically geared toward 
conservation (Hockings, 2003; Liu et al., 2008). They are interspersed within the urban matrix 
and comprise a mixture of natural and semi-natural areas with varying levels of protection, 
delivering a diversity of ecosystem services. These natural areas within urban centres, which 
can be extensive, are a particular feature of a number of developing world cities and contain 
varied landscape elements and often high levels of biodiversity (Alessa et al., 2003; Gaveau et 
al., 2012; Hockings, 2003; Liu et al., 2008; Palomo et al., 2014), all of which contribute to the 
provision of varied ES (McDonal et al., 2008; Seto et al., 2011). Protected areas, which are a 
critical component of these urban ecosystems produce and provide a multitude of provisioning 
and regulatory services and service bundles (Palomo, 2013), and are highly valued cultural 
service provision sites for city residents who may access these areas to escape the pressures of 
the city and to reconnect with nature (Bolund & Hunhammar, 1999; Cilliers et al., 2013; De 
Lange et al., 2010; Jim & Chen, 2009; Tyrväinen et al., 2007), regardless of socio-economic 
standing or cultural preferences. Protected areas also have the capacity to absorb or prevent 
certain disturbances from the surrounding developed areas thereby promoting the flow of ES 
into urban landscapes, with for example the protection of watersheds which leads to enhanced 
water quality and quantity flowing into cities (Felicetti, 2016; Folke, 2006). The ability of 
protected areas in developing cities to provide both ecological and social benefits through ES 
provision makes these areas an informative platform to better understand how to map and 
measure different ES and ES bundles associated with specific landscape features and elements, 
to identify who the beneficiaries of these ES are, and to better understand the management 
requirements toward sustainable and equitable provision of ES. 
 
6.1 Landscape features and elements 
Identifying different landscape features and elements, and recognising which of these hold 
significant ES value, allows us to better understand how well-being can be enhanced and how 
well-being and cultural preferences can be used to shape city development (see chapters 2 and 
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4). The identification of important landscape features and elements is also critical for urban 
landscape management (see chapters 2, 3 and 4). Linked to enhancing management can require 
a shift in the behaviour, approaches and thinking of urban protected area managers who should 
consider these spaces more broadly as social-ecological systems (SES) rather than solely 
biological ecosystems (McDonald et al., 2013). This will allow managers to identify the 
importance and value of urban ES to different beneficiaries and identify possible impacts on 
the provision of ES over different spatial and temporal scales prompting appropriate remedial 
action.  
 
The location of the developed areas in relation to protected areas has a direct influence on how 
ES are produced and delivered (see chapter 5; Brill et al., 2017a). Freshwater systems, flowing 
across protected-area boundaries and through the diverse land use and social spaces of cities, 
present a classic case to understand spatial and temporal variance in ES delivery. It is 
imperative that landscape managers in both urban protected areas and adjacent cities share 
knowledge, understandings, policies and practices on how best to govern and manage 
landscapes and landscape features to ensure sustainable, effective and equitable provision of 
ES over different spatial and temporal scales. These service flows and cascades are not only 
important between urban spaces (i.e. between protected area and cities) but also between 
landscape features and elements (i.e. between rivers and dams) to ensure spatial distribution of 
ES across various urban landscapes and between landscape features over time (Ernston et al., 
2010).   
 
Spatial factors are important to understand (Halliday & Glaser, 2011; Petter et al., 2013; 
Sherrouse et al., 2014) where position will inform state, nature of service delivery and ease of 
access, which in turn will inform who uses the ES and how these are valued. In the context of 
this study, it was shown that both natural and human-made freshwater systems are highly 
valued for cultural ES provision. Other studies have revealed high preferences for cultural 
services that are comparable to preferences for provisioning or regulating ES (Martín-López et 
al., 2012; Plieninger et al., 2013).  The closer these natural areas are to people’s homes, the 
more frequented they are accessed, used and enjoyed demonstrating the importance of 
accessibility in informing use and value (see chapter 2). However, provision of services and 
the proximity of landscape features to residents does not always relate to beneficiaries’ 
willingness to contribute to the preservation of ES. This can be variably attributed to socio-
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economic standing, location of residence along a landscape feature, and the benefits derived 
from landscape features and elements (see chapter 4). These findings point to the complexity 
of perceptions around ES in cities and have important implications for future management of 
urban landscapes which should strive to be for the benefit of all city residents. This is 
significant in the context of a developing city in Africa, where substantial social and economic 
inequalities still prevail due to historical policies, as it highlights the socio-cultural and 
environmental priorities shown by beneficiaries of freshwater ES. 
 
6.2 Beneficiaries of urban ecosystem services 
One of the primary responsibilities of managers of urban protected areas should be the 
identification of the beneficiaries of ES and ES bundles derived from landscapes features 
associated with these protected areas (Villa et al., 2009). Researchers have alluded to the 
importance of understanding the flows between ES and beneficiaries but have been slow to 
articulate the need to identify or map these beneficiaries (Beier et al., 2008; Chan et al., 2006; 
Hein et al., 2006). Understanding the location of beneficiaries of ES and how they identify with 
a service, and the spatial flows of services within and out of protected areas into developing 
cities are important steps in raising awareness of the varied nature of service provision and the 
potential multiple values associated with ES. This study showed communities to be highly 
heterogeneous in their perceptions (see chapters 2, 3 and 4), and evidently, each beneficiary 
will experience, benefit from and value ES differently. This is especially true when comparing 
beneficiaries of services from the most affluent to economically marginal communities in 
developing cities (O’Farrell et al., 2012), with the latter often dependent on these services for 
survival, in addition to well-being and quality of life. This situation is particularly acute in sub-
Saharan Africa where residents living in informal settlements account for almost two thirds of 
the urban population and residents are known to depend heavily on the natural environment in 
cities to survive (Anderson et al., 2013). Ideally, all beneficiaries of ES should be identified to 
better understand socio-cultural and economic values that are assigned to urban landscapes and 
their features (Alessa et al., 2008). This would lead to both a fuller appreciation of values held 
by the groups that benefit from ES and a stronger recognition of individual identity and 
connection with landscapes (Cumming et al., 2013; Elmqvist et al., 2010b; Gómez-Baggethum 
et al., 2013) all of which can only serve to strengthen management. Identifying beneficiaries 
of ES can serve to inform governance and management towards enhancing human well-being, 
directing and promoting learning, allowing for more informed problem solving, and the 
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contribution to a body of knowledge to enable adequate, effective and equitable decision 
making (Villa et al., 2009).  
 
Taking a broader landscape-level approach to recognising ES flows across the city is important 
when considering the beneficiaries of urban ES which originate in protected areas. In the case 
of Cape Town, where historical spatial planning has resulted in social-ecological injustices 
(Anderson et al., 2013; Davis, 2005; Lemanski, 2007) and evident in this study, this need to 
take a broader view is particularly important. Spatial planning under apartheid has resulted in 
the urban poor being the most distant from the largest protected area in the city, Table Mountain 
National Park (see chapter 2) and this sector of the city therefore receives the fewest ES benefits 
generated here. In this way, ES delivery from protected areas is spatially variable and will 
likely result in different values and perceptions which should inform management. Managers 
of urban protected areas and urban landscapes need to consider ES flows and access as elements 
of social justice (Dahmann et al., 2010).  
 
There is a need to include broader society to ensure that everyone is considered when assessing 
who benefits from ES, and how they benefit, so that adequate, effective and sustainable 
management practices can be created. By being informed on the varied perceptions and social 
needs of the different beneficiaries of urban ES, which is particularly pertinent in developing 
cities, managers will be better equipped to collect useful data to inform management, deal with 
tensions and trade-offs, as well as ensure equitable distribution of ES across urban landscapes. 
Work here demonstrates the diversity of perceptions and values across relatively close and 
homogenous neighbourhoods (see chapters 2 and 4), serves to flag landscape-use tensions and 
trade-offs with diverse ES needs and desires (see chapters 2 and 4), and highlights the need to 
understand these to manage landscapes and features effectively and equitably (see chapters 3 
and 5). Future studies in developing cities should ensure that we further measure and map the 
ES needs and values, as well as the willingness to contribute to the conservation of ES by all 
communities, so that these are adequately included in the governance and management of 
landscapes and resources.  
 
6.3 Methods for measuring and mapping ecosystem services 
One of the biggest constraints in undertaking ES research in developing cities is the availability 
and usefulness of existing data for understanding ES provision and change. Ecosystem service 
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data has been found to be often fragmented, not comparable between landscapes, systems or 
studies, highly technical and unsuitable for decision makers (Seppelt et al., 2012). Data 
deficiency can influence study findings focussed on the reliability of measuring and mapping 
ES. The quality of ES studies can be constrained by time, capacity, financial resources and 
existing data availability (Busch et al. 2012; de Groot et al. 2012; Layke et al. 2012), and where 
these are limiting, levels of confidence for directing interventions are compromised (de Groot 
et al. 2010). There is a need for enhanced sampling methods and techniques, better training of 
researchers and managers, and novel ways to analyse and use data to by-pass constraints but 
still allow for robust outcomes. This is particularly important when considering existing data 
sources and the collection of new data over different spatial and temporal scales in developing 
cities, particularly where data curation can be limited.  
 
To date, the majority of research into urban ES and their associated values has been conducted 
in developed-world cities (McHale et al., 2013; Norgaard, 2010) restricting our ability to make 
comments on developing world cities or compare these to other cities in either developed or 
developing contexts. The combined need for more detailed insights into the value and use of 
ES in developing world cities, which are growing rapidly and where we know that the need for 
nature is critical to human well-being (see chapters 2 and 4), combined with a paucity of data 
in these contexts (see chapter 5), means researchers and managers must be creative and come 
up with novel approaches to generate the necessary insights. Innovative and novel research 
methods, through transdisciplinary research (Braat & De Groot, 2012; Carpenter et al., 2009; 
Daniel et al., 2012; De Groot et al., 2010b; Granek et al., 2010; Rissman & Gillon, 2016) are 
needed in developing countries (Anderson et al., 2013; McHale, 2013; Parnell et al., 2009) to 
break new ground and provide information and instruction imperative to managers and decision 
makers in order to ensure sustainable ES delivery to all city dwellers. The development of these 
proposed ES assessments and approaches should be based on the context in which the research 
is being undertaken.  
 
This thesis, as a whole, adopted a diversity of approaches to drill down and understand the 
spatial positions and temporal changes in freshwater ES and ES delivery. While these insights 
are useful for managers in managing the physical environment in urban protected areas and 
developing cities, ES research requires a socially informed approach, and novel methods had 
to be sought to use limited data in an attempt to link perceptions and ES delivery. More 
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specifically when faced with trying to understand social perceptions in this context a novel 
approach had to be developed to link perceptions and behaviour, individual and community 
values, as well as understand the influences of these perceptions, behaviour and values on ES 
provision over space and through time. 
 
When trying to understand the temporal dynamics of ES provision, delivery and impacts, the 
timing of ES production, which can be constant, seasonal, sporadic or related to individual 
events needs to be identified (Andersson et al., 2015). Assessments should be undertaken over 
varying temporal scales to determine short-, medium- and long-term outlooks and modelling 
of service provision (Allan, 2004; Brill et al., 2017a; Carpenter et al., 2009; Sherrouse & 
Semmens, 2014). Temporal assessments will assist in determining how various factors 
influence service provision over time, such as how land-use modification influences the 
generation and provision of water-related ES (see chapter 5). Landscape and resource managers 
should also be aware of the changes in the preferences, uses and values derived from ES by 
beneficiaries of freshwater ES over time (see chapters 2 and 4). As was determined in this 
study, and depending on various social, economic and ecological factors, people value ES and 
ES bundles differently over time. A further factor is how far back studies should go in 
determining the influences of landscape and land-use change on the provision of urban ES. 
This is most often a function of data availability, be it biophysical measures taken in repeat 
surveys, or aerial photographs to map land cover change (see chapter 5). Questions in this 
regard relate to whether it is possible to pinpoint periods in time where ES were either 
positively or negatively influenced. This is certainly possible to determine if sufficient baseline 
data has been collected. However, this often proves problematic where significant data 
constraints exist. Here creative approaches must be adopted to overcome these limitations.  
 
Managers should be cognisant of limitations in relation to data, but also of the opportunities 
for novel and creative approaches to urban-ecology research, especially in an African context 
(Anderson et al., 2013). Management approaches should be improved through the co-
generation of knowledge with stakeholders when measuring, mapping and valuating ES (Daily 
et al., 2009; Millennium Ecosystem Assessment, 2005), as this is more likely to capture the 
multitude of values (Brondízio et al., 2010; Carpenter et al., 2009) assigned by beneficiaries to 
ES derived from urban landscapes and features. 
 
 130 
 
6.4 Management of urban landscapes and ecosystem services 
Developing cities are dynamic and highly heterogeneous (Bakker, 2003; Smith, 1996; Spronk, 
2010; Trzyna et al., 2014). This makes the management of urban protected areas and city 
landscapes complex and complicated. Historically, urban protected areas were managed solely 
for the preservation of natural areas and the biological diversity contained within them (Dudley 
et al., 2011; Gaveau et al., 2012; Palomo et al., 2014). The call now, globally, is for managers 
of protected areas to move away from managing urban protected areas solely for biological 
protection, to recognising urban landscapes and features as part of SES. This more socially-
informed approach is particularly relevant in developing world cities where population 
densities tend to be high, and natural environments are often directly linked to human well-
being and livelihoods through, among others, provisioning services (Anderson et al., 2013; 
Elmqvist et al., 2013; McDonald et al., 2013). The interactions between urban protected areas, 
as major sources of ES, and people and the feedback loops between parks and the city are 
important considerations that need to be acknowledged and managed accordingly. Not only is 
there a need to manage the nature of value assigned to landscapes and features, but also a need 
to engage with, and manage according to, highly varied perceptions and needs of beneficiaries 
of urban ES. It is critical to consider the varied beneficiaries across the broader population of 
a city to ensure that all users of urban ES are accounted for and considered to ensure that 
management is both sustainable and equitable (Anderson et al., 2013; O’Farrell et al., 2012; 
Parkes et al., 2010; Seppelt et al., 2011).  
 
This study recognises that there is a need to add an ES lens to planning, one that extends from 
within the parks all the way into cities, facilitating planning at broader scales based on the 
benefits that urban protected areas can provide to cities, thus ensuring that these protected areas 
and their management plans shift in the future to meet the demands of ES in these SES (See 
chapters 2, 3 and 4; Brill et al., 2017b). This shift will require the creation of management 
approaches that recognise urban protected areas and cities within broader SES as well as the 
need to establish institutions that can enhance management to this end. Protected-area 
managers will need to work with city officials and other stakeholders in ensuring this happens. 
Here aligning the desired ES derived from landscape features, as valued by city residents, with 
the conservation needs of urban protected areas needs to be the key objective. This requires a 
shift in thinking among managers away from seeing ecosystems as solely biological entities, 
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towards a more integrated view which considers social elements linked to landscape and 
resource management.  
 
This study has demonstrated that for this shift to happen there must be a change in the behaviour 
and attitudes of urban managers (see chapter 3; Brill et al., 2017b). There is evidently a degree 
of heterogeneity within managers’ perceptions that could result in either the acceptance or 
dismissal of the ES concept. The necessary change towards this new socially informed 
management approach to achieve sustainable and equitable ES delivery will require training 
and knowledge sharing among those governing and managing protected areas and broader city 
environments for a more agreed and unified understanding of the ES concept. This shift in 
perceptions, understanding and ultimately application will require time, financial resources, 
training and capacity development to really entrench the ES concept into daily operations and 
existing and future policies (Braat & De Groot, 2012; Primmer & Furman, 2012). 
 
Changes to policies on urban ES is going to be particularly important in the context of 
developing cities, and notably in developing African cities (Anderson et al., 2013). A key point 
to address, and an outcome from this study, is the need to have local-level policy developed to 
meet local beneficiaries’ needs and values of ES (see chapters 2 and 4). There may also be a 
need to review the relevance, applicability and scalability of higher-level policy to ensure that 
the local context is considered (see chapter 3). In an African context, there is often a disconnect 
between scales of governance and management, with lack of effective communication between 
local and national levels, mismanagement of local government institutions, and failure of 
national policy to be applied and implemented effectively at the local scale (Anderson et al., 
2013). By working with stakeholders and understanding their individual values and benefits at 
the local level, managers will be better equipped to design and implement policies and practices 
that are equitable and sustainable. This engagement with stakeholders and beneficiaries will 
also help uncover the multiple value systems attached to ES and ES bundles in urban protected 
areas and developing cities. Managers will also be in a better position to address conflicts and 
trade-offs associated with ES in an urban landscape (Pascual et al., 2010). There is however a 
need to develop capacity, knowledge, partnerships and communication between stakeholders 
and urban-landscape managers to address the management of ES in developing cities (see 
chapters 2, 3 and 4) (Boerema et al., 2017; Brill et al., 2017b; Daily et al., 2009).  
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6.5 Conclusions 
Urbanisation in developing countries presents many challenges and opportunities for urban 
managers. Dealing with the complexity of changes to the landscape over different spatial and 
temporal scales, highly heterogeneous social, economic and cultural factors, as well as varied 
dependence on urban ES by different communities, requires dynamic, novel approaches to 
protected-area and urban-landscape management to ensure the sustainable and equitable 
provision of ES. Knowing where the services are generated, what landscape features are most 
valued, the types of services delivered, who the beneficiaries of these services are, as well as 
how much of the services are provided gives management agencies the knowledge to inform 
current and future management and policy guidelines. This enhanced understanding of how 
landscapes provide multiple values to a diversity of users, as well as recognition of the trade-
offs between users of ES, will require a range of transdisciplinary approaches. These 
approaches should incorporate diverse, available data sets, as well as beneficiary engagement 
to promote more effective understanding of ES values and value systems that arise from 
complex SES within urban protected areas and adjacent cities. Researchers in developing 
countries, especially in Africa, need to take up the challenge and recognise that they have an 
important contribution to make to ES research by developing novel, creative approaches to 
urban ecology and ES research in these rapidly changing systems that are so critical to so many. 
By adding to the literature, developing country researchers can inform how we move forward 
in understanding and articulating ES values, uses, impacts, trade-offs, governance and 
management in cities. The test of the usefulness of this proposed research will come from its 
ability to deliver improved management of landscape features, including freshwater systems 
and the ES they provide in line with different levels of policy. Challenges for the future will 
include promoting further acceptance of the ES concept in the management practices and 
policies of protected areas in developing cities and of the tools that have been developed or 
will need development to assess landscape features, beneficiaries, methods and management. 
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APPENDICES 
 
Appendix A: Questionnaire and mapping exercise regarding cultural service 
values in Table Mountain National Park 
 
Name  Age  Gender M F 
Address  
Contact details  
How long have you been visiting TMNP?  
How often do you visit the park?   
How long have you been visiting the water in 
TMNP? 
 
How has your use of the park’s water 
changed over time? 
 
Is your association with TMNP personal or 
professional? 
 
What types of activities have you previously 
undertaken in TMNP? 
 
 
 
What types of water-related activities have 
you previously undertaken in TMNP? 
 
What types of water-related activities do you 
take part in now? 
 
 
 
Do you use the park’s water by yourself, 
with your family and friends or in a group? 
 
 
Do you consider the actions of other park 
users to have a potentially negative impact 
on the park’s water? 
 
How far do you travel to reach the park?  
 
How far do you travel in the park to access 
waterbodies? 
 
Which park entry gates do you use?  
 
 Continued overleaf 
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Appendix A continued  
Do you access the park outside of entry 
gates? 
 
How do you feel about the way park officials 
manage water? 
 
 
 
Do you believe that current water 
management may impact on the future value 
of water in the park? 
 
 
 
 
Do you believe that negative water-related 
impacts will influence the water as it flows 
out of the park’s boundaries? 
 
 
 
Can you suggest other people to contact to 
take part in this study? 
- Please provide contact details 
 
Other comments 
- Please use this space to elaborate on any 
of the questions or to bring information 
to the attention of the researchers 
 
 
 
 
  
 177 
 
Table Mountain National Park water-related ecosystem service mapping survey 
 
This mapping survey is the last part of the survey on ecosystem services in the Table Mountain 
National Park. This exercise consists of a set of questions about how users value waterbodies 
in the park according to a particular cultural ecosystem service. Ecosystem services relate to 
the direct or indirect benefits (goods and services) that we receive from nature which contribute 
to our overall well-being. Categories include: 
1. Recreation    
2. Aesthetics/existence 
3. Cultural/historical 
4. Cognitive development/learning/scientific discovery 
5. Spiritual/religious 
6. Negative 
All waterbodies are numbered for easy reference as per below: 
Waterbodies in TMNP 
Reservoirs/dams     Rivers/streams 
1. Alexandra Reservoir    16. Bokramspruit River 
2. De Villiers Dam     17. Booiskraal River 
3. Frans Dam      18. Buffels River 
4. Hely Hutchinson Reservoir   19. Camps Bay Stream 
5. Jackson Reservoir     20. Diepsloot 
6. Kirstenbosch Dam     21. Disa Stream 
7. Kleinplaas Dam     22. Kasteelpoort River 
8. Lewis Gay Dam     23. Klaasjagers River 
9. Matroos Dam     24. Krom River 
10. Mocke Reservoir     25. Newlands Stream 
11. Newlands Reservoir    26. Platteklip Stream 
12. Rawson Reservoir     27. Prinskasteel River 
13. Silvermine Dam     28. Silver Stream 
14. Victoria Reservoir     29. Silvermine River 
15. Woodhead Reservoir    30. Schusters River 
Other       Other 
 
Vleis, pools and waterfalls 
31. Duiwelsvlei 
32. Groot rondevlei 
33. Klawersvlei 
34. Klein rondevlei 
35. Nellies Pool 
36. Sirkelsvlei 
37. Skilpadvlei 
38. Waterfall in Cecelia Forest 
39. Waterfall on Prinskasteel River 
Other 
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Listing of important waterbodies 
For each section, please list each waterbody used or valued in each cultural category. Please 
complete at least rankings 1-5. A park map with numbered water features is provided for 
geographical reference. 
 
Recreational  
Please select waterbodies in TMNP that have RECREATIONAL significance to you. The 
areas should allow for sporting, hobby and outdoor activities. 
 
 Tick this box if you do not use waterbodies in the park for this type of cultural ecosystem 
service. 
 
 Waterbody name/number 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
 
Aesthetic or existence  
Please select waterbodies in TMNP that have AESTHETIC OR EXISTENCE significance 
to you. These values may include viewpoints, areas of natural beauty, important areas for 
conservation, etc.  
 
 Tick this box if you do not use waterbodies in the park for this type of cultural ecosystem 
service. 
 
 Waterbody name/number 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
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Cultural or historical  
Please select waterbodies in TMNP that have CULTURAL OR HISTORICAL significance 
to you. Areas with significant cultural or historical value may be relevant to you or others living 
in Cape Town. 
 
 Tick this box if you do not use waterbodies in the park for this type of cultural ecosystem 
service. 
 
 Waterbody name/number 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
 
Cognitive development, learning and scientific discovery  
Please select waterbodies in TMNP that have COGNITIVE DEVELOPMENT, LEARNING 
AND SCIENTIFIC DISCOVERY significance to you. These waterbodies must inspire you 
to understand more about the natural environment, conservation and/or species that live in and 
around a particular waterbody. 
 
 Tick this box if you do not use waterbodies in the park for this type of cultural ecosystem 
service. 
 
 Waterbody name/number 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
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Spiritual or religious 
Please select waterbodies in TMNP that have SPIRITUAL OR RELIGIOUS significance to 
you. The waterbodies ranked in this section should have a positive emotional and spiritual 
influence on you resulting in a feeling of awe and wonder.  
 
 Tick this box if you do not use waterbodies in the park for this type of cultural ecosystem 
service. 
 
 Waterbody name/number 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
 
Negative values  
Please select waterbodies in TMNP that have NEGATIVE significance to you. These areas 
may influence the values for other categories, may be unsightly or unsafe, or may just be 
negative spaces. 
 
 Tick this box if you do not use waterbodies in the park for this type of cultural ecosystem 
service. 
 
 Waterbody name/number 
1  
2  
3  
4  
5  
6  
7  
8  
9  
10  
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Figure A1: Map of Table Mountain National Park with numbered waterbodies relating to the survey and 
mapping exercises on the significance of water-related cultural ecosystem services
  
1
8
2 
 
Figure A2: Screenshot of the online mapping exercise detailing choice for waterbodies in Table Mountain National Park that hold recreational value to survey 
respondents
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Terms and conditions of study participation 
 
This survey forms part of a PhD study which looks at the value of ecosystem services (resources 
and processes that are supplied by the environment) in Table Mountain National Park and the 
City of Cape Town. The broader study aims to understand how people use and value water-
related ecosystem services in the park and city from a social, economic, and ecological point 
of view.  
 
The completion of this questionnaire should take about 20 minutes and include questions about 
your use of waterbodies in Table Mountain National Park and how you value these rivers, 
dams, vleis, ponds etc. There is also a short mapping task at the end of the questionnaire. 
 
Disclaimer 
The data entered in this survey is intended for the sole use of the researcher as part of a broader 
study on the values of ecosystem services derived from urban protected areas. Respondent 
details will not be shared with third parties. The data gathered from survey responses will be 
collated and analysed, of which the outcomes may be viewed by external parties. No personal 
information identifying an individual will be included in this reporting. 
  
This study is being undertaken by a researcher based at the University of Cape Town in 
collaboration with SANParks and is in accordance with the ethical research guidelines as laid 
out by the Science Faculty at the University of Cape Town. Ethics clearance has been granted 
for this project and a copy of this document is available from the researcher. To contact the 
researcher please email tablemountainstudy@gmail.com. 
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Appendix B: Access points to Table Mountain National Park 
 
Table B1: Access points to Table Mountain National Park listed by section, type and class 
ID no. Entry gates used Section Type Class 
1 Boulders Southern Pay point Formal 
2 Boyes Drive Central Non-pay point Informal 
3 Camps Bay Northern Non-pay point Informal 
4 Cape Point Southern Pay point Formal 
5 Cecilia Forest Northern Non-pay point Formal 
6 Constantia Nek Central Non-pay point Formal 
7 Deer Park Northern Non-pay point Formal 
8 Hout Bay Northern Non-pay point Informal 
9 Kirstenbosch  Northern Pay point Formal 
10 Kloof Nek/Lions Head Northern Non-pay point Formal 
11 Llandudno Northern Non-pay point Informal 
12 Mostert's Mill Northern Non-pay point Formal 
13 Newlands Forest  Northern Non-pay point Formal 
14 Noordhoek Beach Central Non-pay point Informal 
15 Orange Kloof Northern Pay point Formal 
16 Red Hill Southern Non-pay point Formal 
17 Rhodes Memorial Northern Non-pay point Formal 
18 Silvermine  Central Pay point Formal 
19 Table Mountain Road Northern Non-pay point Informal 
20 Tokai Forest Central Pay point Formal 
 
  
1
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Appendix C: Statistical analyses for Chapter 2 
 
Table C1: Levene's test (degrees of freedom), mean rank, median, interquartile range, chi-squared value (degrees of freedom) and significance of cultural ecosystem 
service variables based on state of water features, section in which water feature is located, and access to water features in Table Mountain National Park. A § 
indicates significant difference between human-made and natural (flowing) variables, a # indicates significant difference between access variables. A α indicates 
significant difference between Northern and Southern variables, a β indicates significant difference between Central and Southern variables. NS indicates not 
significant 
Cultural 
ecosystem service 
category State/section/access Variable 
Levene's test 
(df) Mean rank Median IQR 
Chi-square/U 
value (df) p-value 
Aesthetics and 
existence 
State 
Human-made 
F(2,36) = 0.649; 
p = 0.53 
18.57 29.00 63.00 
χ2(2) = 1.26 NS Natural (flowing) 22.29 31.00 68.50 
Natural (stationary) 17.50 25.00 51.00 
Cognitive 
development, 
learning and 
scientific discovery 
State 
Human-made§# 
F(2,36) = 5.08; 
p = 0.011 
10.40 2.00 4.00 
χ2(2) = 19.82 < 0.01 Natural (flowing)§ 23.71 7.00 10.00 
Natural (stationary)# 31.57 12.00 13.00 
Cultural and 
historical 
State 
Human-made# 
F(2,36) = 14.65; 
p < 0.001 
25.40 12.00 27.00 
χ2(2) = 6.63 < 0.05 Natural (flowing) 18.18 3.00 11.00 
Natural (stationary)# 12.86 1.00 5.00 
Recreation State 
Human-made 
F(2,36) = 3.72; 
p = 0.034 
22.50 50.00 99.00 
χ2(2) = 3.54 NS Natural (flowing) 20.74 21.00 61.00 
Natural (stationary) 12.86 7.00 38.00 
Spiritual and 
religious 
State 
Human-made 
F(2,36) = 0.95; 
p = 0.397 
16.97 4.00 9.00 
χ2(2) = 2.59 NS Natural (flowing) 23.26 8.00 13.00 
Natural (stationary) 18.57 2.00 8.00 
Negative State 
Human-made # 
F(2,36) = 7.17; 
p = 0.002 
13.47 6.00 10.00 
χ2(2) = 9.17 0.01 Natural (flowing) 22.82 1.00 5.00 
Natural (stationary)# 27.14 0.00 2.00 
       Continued overleaf 
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Table C1 continued        
Cultural 
ecosystem service 
category State/section/access Variable 
Levene's test 
(df) Mean rank Median IQR 
Chi-square/U 
value (df) p-value 
Aesthetics and 
existence 
Section 
Northernα 
F(2,36) = 3.11; 
p = 0.057 
24.94 36.00 16.30 
χ2(2) = 16.81 < 0.01 Centralβ 32.00 72.00 54.00 
Southernαβ 12.28 9.00 16.30 
Cognitive 
development, 
learning and 
scientific discovery 
Section 
Northern 
F(2,36) = 0.20; 
p = 0.822 
16.63 5.50 6.00 
χ2(2) = 3.67 NS 
Central 27.40 12.00 10.00 
Southern 20.94 7.00 10.00 
Cultural and 
historical 
Section 
Northernα 
F(2,36) = 5.64; 
p = 0.007 
25.53 13.00 23.00 
χ2(2) = 11.80 < 0.01 Central 26.50 12.00 21.00 
Southernα 13.28 1.00 4.00 
Recreation Section 
Northernα 
F(2,36) = 5.32; 
p = 0.009 
26.38 70.50 69.00 
χ2(2) = 19.17 < 0.01 Centralβ 30.30 70.00 125.00 
Southernαβ 11.47 6.00 17.00 
Spiritual and 
religious 
Section 
Northernα 
F(2,36) = 6.56; 
p = 0.004 
25.44 8.50 13.00 
χ2(2) = 15.40 < 0.01 Centralβ 29.80 10.00 5.00 
Southernαβ 12.44 1.50 3.00 
Negative Section 
Northernα 
F(2,36) = 3.03; 
p = 0.061 
14.91 5.00 8.00 
χ2(2) = 10.31 < 0.01 Central 14.10 6.00 12.00 
Southernα 26.17 0.00 2.00 
Aesthetics and 
existence 
Access 
Easily accessible F(1,37) = 7.33; 
p = 0.010 
29.22 71.50 68.80 
U(1) = 36.50 < 0.01 
Not easily accessible 13.59 13.00 23.00 
 Continued overleaf 
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Table C1 continued        
Cultural 
ecosystem service 
category State/section/access Variable 
Levene's test 
(df) Mean rank Median IQR 
Chi-square/U 
value (df) p-value 
Cognitive 
development, 
learning and 
scientific discovery 
Access 
Easily accessible 
F(1,37) = 0.27; 
p = 0.606 
21.59 7.00 9.00 
U(1) = 158.50 NS 
Not easily accessible 18.89 7.00 10.00 
Cultural and 
historical 
Access 
Easily accessible F(1,37) = 11.69; 
p = 0.002 
27.06 14.50 24.00 
U(1) = 71.00 < 0.01 
Not easily accessible 15.09 2.00 7.00 
Recreation Access 
Easily accessible F(1,37) = 5.79; 
p = 0.021 
29.66 76.50 62.00 
U(1) = 29.50 < 0.01 
Not easily accessible 13.28 8.00 36.00 
Spiritual and 
religious 
Access 
Easily accessible F(1,37) = 5.23; 
p = 0.028 
29.91 10.00 9.00 
U(1) = 25.50 < 0.01 
Not easily accessible 13.11 2.00 3.00 
Negative Access 
Easily accessible F(1,37) = 1.22; 
p = 0.276 
14.25 5.00 7.00 
U(1) = 92.00 < 0.01 
Not easily accessible 24.00 0.00 5.00 
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Appendix D: Freshwater ecosystems in Table Mountain National Park 
 
Table D1: Freshwater ecosystems in Table Mountain National Park listed by section, state and level of accessibility. Natural (f) relates to flowing freshwater 
ecosystems, such as rivers and streams, natural (s) refers to natural stationary ecosystems such as pools, wetlands etc. 
ID no. Waterbody Section State Accessibility (score) 
1 Alexandra Reservoir Northern Man-made Not easily accessible (9) 
2 De Villiers Dam Northern Man-made Easily accessible (11) 
3 Frans Dam Southern Man-made Not easily accessible (9) 
4 Hely Hutchinson Reservoir Northern Man-made Easily accessible (12) 
5 Jackson Reservoir Southern Man-made Not easily accessible (9) 
6 Kirstenbosch Dam Northern Man-made Not easily accessible (10) 
7 Kleinplaas Dam Southern Man-made Easily accessible (11) 
8 Lewis Gay Dam Southern Man-made Not easily accessible (8) 
9 Matroos Dam Southern Man-made Not easily accessible (9) 
10 Mocke Reservoir Northern Man-made Not easily accessible (10) 
11 Newlands Reservoir Northern Man-made Not easily accessible (9) 
12 Rawson Reservoir Southern Man-made Not easily accessible (10) 
13 Silvermine Dam Central Man-made Easily accessible (13) 
14 Victoria Reservoir Northern Man-made Not easily accessible (9) 
15 Woodhead Reservoir Northern Man-made Easily accessible (11) 
16 Bokramspruit River Southern Natural (f) Not easily accessible (9) 
17 Booiskraal River Southern Natural (f) Not easily accessible (9) 
18 Buffels River Southern Natural (f) Not easily accessible (9) 
19 Camps Bay Stream Northern Natural (f) Easily accessible (12) 
20 Diepsloot Northern Natural (f) Easily accessible (13) 
    Continued overleaf 
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Table D1 continued    
ID no. Waterbody Section State Accessibility (score) 
21 Disa Stream Northern Natural (f) Easily accessible (13) 
22 Kasteelpoort River Northern Natural (f) Not easily accessible (10) 
23 Klaasjagers River Southern Natural (f) Not easily accessible (9) 
24 Krom River Southern Natural (f) Not easily accessible (9) 
25 Newlands Stream Northern Natural (f) Easily accessible (15) 
26 Platteklip Stream Northern Natural (f) Easily accessible (13) 
27 Prinskasteel River Central Natural (f) Easily accessible (11) 
28 Silver Stream Northern Natural (f) Easily accessible (13) 
29 Silvermine River Central Natural (f) Easily accessible (14) 
30 Schusters River Southern Natural (f) Not easily accessible (9) 
31 Duiwelsvlei Southern Natural (s) Not easily accessible (9) 
32 Groot Rondevlei Southern Natural (s) Not easily accessible (9) 
33 Klawervlei Southern Natural (s) Not easily accessible (9) 
34 Klein Rondevlei Southern Natural (s) Not easily accessible (9) 
35 Nellies Pool Central Natural (s) Not easily accessible (10) 
36 Rawson’s Reservoir Southern Man-made Not easily accessible (10) 
37 Skilpadvlei Southern Natural (s) Not easily accessible (9) 
38 Waterfall in Cecilia Forest Northern Natural (f) Not easily accessible (10) 
39 Waterfall on Prinskasteel River Central Natural (f) Easily accessible (11) 
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Appendix E: Questionnaire used for interviews with park managers in Table 
Mountain National Park and Tijuca National Park 
 
Name  Position/rank   
Who accesses fresh water in the 
park? 
 
 
 
 
Has access to water changed 
over time? 
 
 
 
 
Is access to water equitable?  
 
 
How many rivers and streams 
originate in the park but flow 
into an urban area? 
 
 
 
Who taps the water that leaves 
the park? 
 
 
 
 
What is water that leaves the 
park used for? 
 
 
 
How is water managed in the 
park? 
 
 
 
Where do the instructions for 
water management come from? 
 
 
 
 
How has water management 
changed over time? 
 
 
 
 
What legislation/policies govern 
water in the park? 
 
 
 
 
At what level are these policies 
relevant? 
e.g. National, provincial, local 
 
 
 
Are there issues with the scale of 
policies/is national policy 
applicable/relevant at the park 
level? 
 
 
 
Does legislation include 
discussions around ecosystem 
services? 
 
 
 
 Continued overleaf 
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Appendix E continued  
Does legislation discuss social 
aspects of park use? e.g.  social-
ecological systems 
 
Which agencies are involved in 
the management of water inside 
the park? 
 
 
 
Are their agreements between the 
park and agencies outside of the 
park?  
 
 
 
Is there a breakdown between 
park authorities and external 
agencies in water governance? 
 
 
 
What are the important aspects 
of safeguarding/conserving 
freshwater? 
 
 
 
What are the water-related 
problems faced in the park? 
 
 
 
 
Is there sufficient management 
capacity for water in the park? 
 
 
 
Is there a need for improved 
water management? If so, how 
can this be achieved? 
 
 
 
What assessments, if any, are 
undertaken to determine values, 
uses etc. of ES in park? 
 
 
 
Other points to bring to the 
attention of the researchers 
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Appendix F: Questionnaire used to determine the willingness to pay for 
riparian ecosystem services along the Liesbeek, Sand and Silvermine Rivers 
in Cape Town, South Africa 
 
Demographics 
Name  Address  
How many people live in your household? 1-2  3-4  5+  
Do you own or rent your home? Own  Rent  
How long have you lived in your current location (in years)?  
What is the annual income of your household? 
 
R150 000 or less  
R151 000 - R500 000  
R501 000 – R850 000  
R851 000 – R1 million  
More than R1 million  
Perceptions and behaviour 
How often do you access the 
river? 
Daily  Weekly  Monthly  Yearly  
How do you benefit from using the river?  
Do you abstract water from the river? Yes  No  
If yes, how much water do you think you abstract 
annually? (E.g. filling an average sized 
swimming pool uses between 20 000 and 50 000 
litres; watering your garden uses between 600 
and 1500 litres per hour) 
Less than 1000 l/month  
Between 1000 l and 5000 l/month  
Between 5000 l and 10 000 l/month  
More than 10 000 l/month  
Commercial license use  
What are some of the uses of abstracted water?  
Do you think the quality of river water has changed over time 
(in the last 10 years)? 
Yes  No  
If yes, in what ways has the quality changed? Quality has improved  
Water is dirty  
Water smells bad  
Water is filled with floating and/or 
submerged rubbish 
 
Dead animals/plants have been seen 
in the water 
 
Do you think the quantity of river water has changed over 
time? 
Yes  No  
 Continued overleaf 
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Appendix F continued   
If yes, in what ways has the quantity changed? Water levels are much lower than 
previous years 
 
Water levels are much higher than 
previous years 
 
Water flow is slower than previous 
years 
 
Water flow is much faster than 
previous years 
 
Do you consider the quality and quantity change to be affected 
by households, businesses or individuals upstream? 
Yes  No  
If yes, in what ways do households, businesses 
or individuals impact on the river? 
Quality is negatively affected  
Quantity is negatively affected  
Quality and quantity are negatively 
affected 
 
Quality and quantity are positively 
affected 
 
Where along the river do you believe the change 
in quality and quantity to occur? 
 
As it leaves Table Mountain 
National Park 
 
In the upper third of the river  
In the middle third of the river   
In the lower third of the river   
Financial considerations 
Would you be prepared to pay households/businesses 
upstream to preserve river quality? 
Yes  No  
If yes, how much would you be prepared to pay 
per year? 
Less than R1000  
Between R1001 and R5000  
Between R5001 and R10 000  
More than R10 000  
What is the exact amount you would be willing to pay?  
Would you be prepared to pay households/businesses 
upstream to preserve river quantity? 
Yes  No  
If yes, how much would you be prepared to pay 
per year? 
Less than R1000  
Between R1000 and R5000  
Between R5000 and R10 000  
More than R10 000  
What is the exact amount you would be willing to pay?  
 Continued overleaf 
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Appendix F continued  
Why would you be prepared to pay people 
living upstream to preserve water 
quality/quantity? 
 
To protect/enhance cultural 
ecosystem services (e.g. aesthetics, 
recreation, spiritual values) 
 
To protect/enhance Biological and 
habitat protection 
 
To maintain/improve property prices  
To maintain/improve water 
quality/quantity for abstraction 
 
River management  
Who is responsible for maintaining the quality 
and quantity of river water? 
People living/working along the 
river 
 
City of Cape Town Municipality 
 
 
Department of Water Affairs  
All of the above  
Additional information 
Please leave comments for the researchers here  
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Figure F1: Study site image attached to survey showing divisions of river reaches along Liesbeek, Sand 
and Silvermine Rivers in Cape Town  
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Terms and conditions of study participation 
 
This survey forms part of a PhD study which looks at the value of ecosystem services (resources 
and processes that are supplied by the environment) provided by three rivers in the City of 
Cape Town. The broader study aims to understand how people use and value water-related 
ecosystem services which originate in Table National Mountain Park and which flow through 
the city. The completion of this questionnaire should take about 40 minutes. There are 
questions about your household, as well as your willingness to pay for perceived ecosystem 
service benefits and what services you value (if any).  
 
Disclaimer 
The data entered in this survey is intended for the sole use of the researcher as part of a broader 
study on the values of ecosystem services derived from urban protected areas. Survey user 
details will not be shared with third parties. The user-behaviour and perspective data gathered 
from survey responses will be collated and analysed, of which the outcomes may be viewed by 
external parties. No personal information identifying an individual will be included in this 
reporting. 
  
This research is being undertaken by researchers based at the University of Cape Town and is 
in accordance with the ethical research guidelines as laid out by the Science Faculty at the 
University of Cape Town. Ethics clearance has been granted for this project and a copy of this 
document is available from the researcher. To contact the researchers please 
email tablemountainstudy@gmail.com. 
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Appendix G: Changes in land use and water quality over time and effects on ecosystem-service provision 
 
Table G1: Land-use area (m2) in 100-m buffer across river reaches of the Liesbeek, Sand and Silvermine Rivers in 1977, 1988, 2001 and 2010 
River Reach Land-use category 
1977 1988 2001 2010 
Liesbeek Sand Silvermine Liesbeek Sand Silvermine Liesbeek Sand Silvermine Liesbeek Sand Silvermine 
Upper Natural vegetation 293 588 118 988 288 471 300 213 101 321 356 395 311 492 103 567 587 424 328 197 110 627 740 464 
  Disturbed land 76 995 213 769 548 430 70 370 218 691 480 505 59 091 211 608 249 477 42 386 201 151 96 436 
  Residential 170 773 593 958 0 170 773 604 899 0 170 773 607 335 0 170 773 609 905 0 
  Commercial 0 18 209 0 0 20 802 0 0 22 159 0 0 22 691 0 
  Industry 0 0 0 0 0 0 0 0 0 0 0 0 
  Open space/recreation 186 685 195 234 0 186 685 194 445 0 186 685 195 489 0 186 685 195 784 0 
Middle Natural vegetation 22 102 16 430 544 237 19 907 12 857 624 740 18 071 8 220 706 082 17 912 6 462 716 145 
  Disturbed land 16 833 331 338 278 408 17 998 332 287 197 904 19 203 334 111 116 562 19 043 334 648 106 499 
  Residential 596 984 600 982 0 597 086 601 032 0 598 218 603 357 0 600 247 605 702 0 
  Commercial 23 590 68 330 0 24 951 69 576 0 25 162 71 501 0 26 302 72 479 0 
  Industry 0 53 140 0 0 54 222 0 0 56 148 0 0 57 768 0 
  Open space/recreation 68 532 69 938 0 68 098 70 184 0 67 387 66 821 0 64 537 63 098 0 
Lower Natural vegetation 19 679 17 643 144 690 17 016 16 245 134 652 14 849 13 897 130 853 12 649 12 988 109 972 
  Disturbed land 186 478 303 963 353 389 187 102 305 530 362 700 188 124 306 996 362 755 189 078 307 337 373 902 
  Residential 371 876 639 990 104 964 372 056 649 174 105 691 372 102 652 157 108 177 372 314 652 956 117 910 
  Commercial 109 948 91 689 0 110 079 85 722 0 110 948 85 168 0 111 753 86 883 0 
  Industry 0 0 0 0 0 0 0 0 0 0 0 0 
  Open space/recreation 40 060 86 873 218 764 41 788 83 486 218 764 42 018 81 940 220 022 42 247 79 995 220 022 
 TOTAL   2 184 123 3 420 474 2 481 351 2 184 122 3 420 474 2 481 351 2 184 124 3 420 474 2 481 351 2 184 123 3 420 474 2 481 351 
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Table G2: Increases (↗), decreases (↘) or no change in land-use categories over the study period across 
river reaches in the Liesbeek, Sand and Silvermine Rivers. Non-applicable (n/a) is stated where a land-use 
category is not present along a river reach 
River Reach Land-use category Liesbeek Sand Silvermine 
Upper Natural vegetation ↗ ↘ ↗ 
  Disturbed land ↘ ↘ ↘ 
  Residential No change ↗ n/a 
  Commercial n/a ↗ n/a 
  Industry n/a n/a n/a 
  Open space/recreation No change No change n/a 
Middle Natural vegetation ↘ ↘ ↗ 
  Disturbed land ↗ ↗ ↘ 
  Residential ↗ ↗ n/a 
  Commercial ↗ ↗ n/a 
  Industry n/a ↗ n/a 
  Open space/recreation ↘ ↘ n/a 
Lower Natural vegetation ↘ ↘ ↘ 
  Disturbed land ↗ ↗ ↗ 
  Residential ↗ ↗ ↗ 
  Commercial ↗ ↘ n/a 
  Industry n/a n/a n/a 
  Open space/recreation ↗ ↘ ↗ 
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Table G3: Examples of ecosystem services selected in each service category and water-quality variables which affect services 
Ecosystem service 
category 
Ecosystem service Example in freshwater systems Water quality indicators affecting service provision 
Regulating and 
supporting services 
Disturbance prevention Reduction in riverbank erosion Conductivity; dissolved oxygen; pH; total suspended 
solids; water temperature 
Ecological integrity Maintaining riparian biological diversity Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Microclimate regulation Reducing heat-island effects Dissolved oxygen; water temperature 
Noise reduction Absorbing noise from residential areas - 
Nutrient regulation Dispersing nutrients throughout river reach Dissolved oxygen; nitrates and nitrites; pH; soluble 
ammonia; unionised ammonia; total phosphorous; total 
suspended solids; water temperature 
Waste removal Dilution of waste products in water column Dissolved oxygen; E. coli; faecal coliforms; nitrates and 
nitrites; pH; soluble ammonia; unionised ammonia; total 
phosphorous; total suspended solids; water temperature 
Waste treatment Microbial breakdown of wastes Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Water regulation Ensuring flow of water and materials Dissolved oxygen; E. coli; faecal coliforms; nitrates and 
nitrites; soluble ammonia; unionised ammonia; total 
phosphorous; total suspended solids; water temperature 
Provisioning services Human habitation Providing habitable spaces Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Material supply Provisioning of medicinal plants Conductivity; dissolved oxygen; nitrates and nitrites; pH; 
soluble ammonia; unionised ammonia; total 
phosphorous; water temperature 
Provisioning services Refuge functions Supplying refuge for local fauna and flora Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
   Continued overleaf 
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Table G3 continued    
Ecosystem service 
category 
Ecosystem service Example in fresh water systems Water quality indicators affecting service provision 
 Water supply Providing freshwater for irrigation Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids 
Cultural services Aesthetics Offering scenic environments Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Cultural and historical Contributing to urban history Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Recreation Spaces for walking and running Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Science and education Opportunities for scientific discoveries Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
Spiritual and religious Areas for meditation and spiritual rituals Conductivity; dissolved oxygen; E. coli; faecal 
coliforms; nitrates and nitrites; pH; soluble ammonia; 
unionised ammonia; total phosphorous; total suspended 
solids; water temperature 
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Table G4: Social-ecological factors influencing provision of ecosystem services along riparian buffer zones 
Variable 
Social-ecological factors 
Positive Negative 
Amount of natural vegetation 
cover in 100-m buffer 
Rehabilitation/revegetation projects can improve ecosystem service delivery and 
biodiversity (e.g. Gilvear et al., 2013; Large & Gilvear, 2015; Loomis et al., 2000; Maron 
et al., 2012; Trabucchi et al., 2012) 
 
Preference for natural and indigenous vegetation (e.g. Cronk & Fuller, 2014; Helfand et 
al., 2006; Hitchmough, 2011; Kendle & Rose, 2000; Van Wilgen 2012) 
 
An increase in natural vegetation can enhance the feeling of being in nature even in cities 
(e.g. Dean et al., 2011; Özgüner et al., 2007; Puppim de Oliveira et al., 2011). 
Removal of existing or alien vegetation can cause conflict (e.g. Bullock et al., 2011; 
Helfand et al., 2006; Hitchmough, 2011; Kendle & Rose, 2000; Özgüner et al., 2007; 
Van Wilgen 2012)  
 
Non-natural vegetation can disrupt ecosystem functions e.g. increased water uptake (e.g. 
Cronk & Fuller, 2014; Gilvear et al., 2013; Keeler et al., 2012; Van Wilgen 2012). 
Amount of disturbed vegetation 
cover in 100-m buffer 
Rehabilitation/revegetation projects can improve ecosystem service delivery and 
biodiversity (e.g. Bullock et al., 2011; Gilvear et al., 2013; Large & Gilvear, 2015; 
Loomis et al., 2000; Maron et al., 2012; Trabucchi et al., 2012; Van Wilgen 2012). 
 
 
Areas of disturbance may reduce an areas ability to provide ecosystem services (e.g. 
Gilvear et al., 2013; Maron et al., 2012; Puppim de Oliveira et al., 2011). 
 
Disturbed areas can result in increased erosion and siltation in and around rivers (e.g. 
Bakker et al., 2005, 2008; Cebecauer & Hofierka, 2008; Jackson & Pringle, 2010). 
Amount of hard surfaces in 
100-m buffer 
Built infrastructure such as hard surfaces can enhance some ecosystem service provision 
(e.g. Mitchell et al., 2013; Schäffler & Swilling, 2013; Tzoulas et al., 2007). 
 
Hard surfaces can allow for greater access to some areas improving some ecosystem 
service provision, especially cultural services (e.g. Newell et al., 2013). 
Hard surfaces increase runoff and surface pollution transfer (e.g. Barnes et al., 2000; 
Everard & Moggridge, 2012; Göbel et al., 2007). 
 
The amount of hard surfaces can negatively influence provisioning surfaces such as 
microclimate regulation, noise reduction and waste removal (e.g. Everard & Moggridge, 
2012; Robinson & Lundholm, 2012). 
Amount of soft surfaces in 100-
m buffer 
The amount of soft surfaces can positively influence ecosystem services provision, such 
as microclimate regulation, noise reduction, waste removal and many cultural services 
(e.g. Bullock et al., 2011; Everard & Moggridge, 2012; Keeler et al., 2012; Large & 
Gilvear, 2015; Maron et al., 2012; Mitchell et al., 2013; Naiman & Décamps, 1997; 
Robinson & Lundholm, 2012). 
 
Increased soft surfaces allow for greater rainfall and runoff regulation (e.g. Robinson & 
Lundholm, 2012; Zhang et al., 2012). 
An increase in soft surfaces may create conflicts (e.g. Bullock et al., 2011; Helfand et 
al., 2006; Hitchmough, 2011; Kendle & Rose, 2000; Özgüner et al., 2007; Van Wilgen 
2012). 
Amount of river canalised 
Built infrastructure can enhance some ecosystem service provision (e.g. Munné et al., 
2003; Tzoulas et al., 2007). 
 
Canalised rivers may provide habitat/refuge for some species (e.g. Chester & Robson, 
2013; Munné et al., 2003). 
Canalised rivers can be perceived as non-natural and affect cultural service provision 
(e.g. Medina-Vogel et al., 2003). 
 
A decrease in permeability of riverbanks limits regulating services such as waste removal 
(e.g. Everard & Moggridge, 2012; Gilvear et al., 2013; Naiman & Décamps, 1997). 
 
Canalisation removes natural habitat for riparian/aquatic species (e.g. Munné et al., 
2003). 
Storm-water drains/pollution 
points 
Outlet pipes and other man-made infrastructure may provide habitat/refuge for some 
species (e.g. Chester & Robson, 2013; Munné et al., 2003). 
An increase in pollution points results in greater transfer of pollutants in to rivers (e.g. 
Burton & Pitt, 2001; Everard & Moggridge, 2012). 
 
Outlet pipes may have negative consequences on biodiversity and ecosystem service 
provision, notably aesthetics (e.g. Everard & Moggridge, 2012; Naiman & Décamps, 
1997). 
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Table G5: Example of scoring exercise using six land-use variables to determine changes in cultural ecosystem service provision across the upper (U), middle (M) 
and lower (L) reaches over case study rivers. A + or - indicate where social or cultural factors have enhanced or reduced the overall score based on land-cover variables. 
Scoring exercises were undertaken for each ecosystem service category (regulating and supporting, provisioning, cultural) and across each decadal period (1977, 
1988, 2001 and 2010) for each river.  
Land-cover variables Value (Score) Score 
Cultural ecosystem services 
Aesthetics Recreation 
Cultural and 
historical 
Spiritual and 
religious 
Science and 
education 
U M L U M L U M L U M L U M L 
Amount of natural vegetation cover in 100-
m buffer 
51% - 100% 4 4   4   4   4   4   
26% - 50% 3  3   3 3+          
11% - 25% 2   2     2- 2  2-   2- 2 
0% - 10%  1            1-    
Amount of disturbed vegetation cover in 
100-m buffer 
0% - 10% 4 4   4   4   4   4   
11% - 25% 3             
   
26% - 50% 2  2 2  2 2  2 2  2   2 2 
51% - 100% 1            1-    
Amount of hard surfaces in 100-m buffer 
0% - 10% 4    4   4 4+ 4+ 4 4+ 4+ 4   
11% - 25% 3 3- 3 3   3         3 
26% - 50% 2     2-         2-  
51% - 100% 1                
Amount of soft surfaces in 100-m buffer 
51% - 100% 4 4 4+  4   4   4   4   
26% - 50% 3   3  3 3  3 3  3 3  3 3 
11% - 25% 2                
0% - 10%  1                
Amount of river canalised 
0% - 10% 4 4   4   4   4 4+ 4+ 4   
11% - 25% 3   3  3 3  3 3      3 
26% - 50% 2  2-            2-  
51% - 100% 1                
Storm-water drains/pollution points 
1 - 5 4 4   4   4   4   4   
6 - 10 3        3+   3+     
11 - 15 2  2 2  2    2     2 2 
16+ 1      1-      1-    
TOTAL 23 16 15 24 15 15 24 17 16 24 18 14 24 13 15 
AVERAGE     4 3 3 4 3 3 4 3 3 4 3 2 4 2 3 
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Table G6: Water-quality variable means across upper (U), middle (M) and lower (L) reaches for three decadal periods for the Liesbeek River 
Variable 
1980 1990 2000 
U M L U M L U M L 
Conductivity Mean 13.7 16.4 37.8 23.0 25.2 31.8 16.0 18.5 28.7 
  SD 3.5 4.2 29.0 33.6 34.9 22.6 5.0 5.1 12.5 
Dissolved oxygen Mean 8.5 8.9 6.0 8.2 7.9 6.4 9.4 9.3 7.2 
  SD 3.1 1.9 2.8 2.0 2.1 2.2 3.6 3.4 3.3 
E.coli Mean    29.0 1 940.9 962.0 21.9 2 182.7 203 312.6 
  SD    72.6 4 141.8 3 649.2 54.2 4 875.0 2 449 358.3 
 Logged mean    1.5 3.3 3.0 1.3 3.3 5.3 
Faecal coliforms Mean 27.5 71 424.7 10 437.6 15.6 5 197.7 2 282.9 26.1 2 697.5 207 021.9 
  SD 23.3 625 547.8 69 670.8 18.5 41 210.9 8 343.8 54.7 5 783.4 2 465 820.1 
 Logged mean 1.4 4.9 4.0 1.2 3.7 3.4 1.4 3.4 5.3 
Nitrites and nitrates Mean 0.54 0.65 0.71 0.16 0.36 0.62 0.15 0.42 0.57 
  SD 0.45 0.49 0.60 0.12 0.23 0.61 0.08 0.30 0.34 
pH Mean 7.0 7.1 7.3 7.3 7.3 7.4 7.1 7.1 7.2 
  SD 0.3 0.3 0.5 0.7 0.4 0.5 0.7 0.6 0.7 
Soluble Ammonia Mean 0.23 0.13 0.42 0.31 0.20 0.22 0.39 0.26 0.37 
  SD 0.36 0.11 2.00 0.24 0.22 0.28 0.23 0.33 0.28 
Total phosphorous Mean 0.24 0.13 0.18 0.34 0.24 0.27 0.33 0.23 0.38 
  SD 0.09 0.22 0.15 0.19 0.26 0.23 0.19 0.24 0.48 
Total suspended solids Mean 19.3 15.6 34.5 8.2 8.9 18.8 5.0 8.5 25.2 
  SD 45.0 47.6 75.3 11.5 19.4 29.1 5.2 14.6 77.1 
Unionised ammonia Mean 0.11 0.03 0.24 0.15 0.07 0.18 0.12 0.06 0.17 
  SD 0.02 0.09 0.20 0.13 0.10 0.15 0.05 0.08 0.16 
Water temperature Mean 16.6 16.4 16.8 16.9 17.3 18.1 17.3 17.0 17.9 
  SD 4.2 3.5 3.4 3.3 3.2 3.7 3.6 3.7 3.7 
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Table G7: Water quality variable means across upper (U), middle (M) and lower (L) reaches for three decadal periods for the Sand River 
Variable 
  1980 1990 2000 
  U M L U M L U M L 
Conductivity Mean   87.91 28.71 39.14 98.16 32.89 38.15 105.16 
  SD   57.65 15.81 11.55 58.47 22.78 11.41 140.79 
Dissolved oxygen Mean   7.88 8.66 8.32 8.73 8.77 8.33 8.83 
  SD   2.17 2.17 2.14 2.15 2.87 2.15 2.89 
E.coli Mean    1 493.14 52 047.10 34 817.79 3 096.55 25 548.47 44 865.68 
  SD    5 474.19 228 521.23 205 244.68 12 348.00 100 327.05 152 826.08 
 Logged mean    3.17 4.72 4.54 3.49 4.41 4.65 
Faecal coliforms Mean   25 584.67 1 381.44 50 597.82 51 750.99 3 605.72 26 465.17 35 171.23 
  SD   75 755.83 5 183.31 234 510.02 347 431.51 14 281.54 102 811.43 77 971.53 
 Logged mean   4.41 3.14 4.70 4.71 3.56 4.42 4.55 
Nitrites and 
nitrates Mean   1.31 0.56 0.86 1.64 0.36 0.54 1.27 
  SD   0.63 0.40 0.53 0.95 0.25 0.20 0.54 
pH Mean   8.02 6.96 7.08 7.85 6.73 6.89 7.69 
  SD   0.59 0.34 0.28 0.41 0.45 0.37 0.42 
Soluble Ammonia Mean   0.18 0.13 0.13 0.20 0.18 0.18 0.29 
  SD   0.21 0.14 0.10 0.19 0.19 0.26 0.35 
Total phosphorous Mean   0.11 0.14 0.14 0.11 0.06 0.07 0.13 
  SD   0.09 0.28 0.14 0.13 0.19 0.07 0.14 
Total suspended 
solids Mean   20.63 18.38 31.07 10.19 16.49 17.40 14.73 
  SD   22.63 14.94 35.17 9.80 20.21 29.68 17.42 
Unionised 
ammonia Mean   0.023 0.001 0.002 0.004 0.005 0.001 0.007 
  SD   0.066 0.000 0.001 0.006 0.030 0.001 0.013 
Water temperature Mean   18.06 16.46 16.80 17.35 16.02 15.85 16.88 
  SD   3.67 2.11 1.93 3.34 2.48 3.19 3.89 
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Table G8: Water quality variable means across upper (U), middle (M) and lower (L) reaches for three 
decadal periods for the Silvermine River 
Variable 
 1980 1990 2000 
 U M L U M L U M L 
Conductivity Mean       15.8 31.3 54.0 
 SD       11.5 16.2 70.5 
Dissolved oxygen Mean       8.0 9.0 8.1 
 SD       2.2 2.1 2.2 
E.coli Mean       336.5 860.8 1 398.4 
 SD       1 043.0 5 418.2 5 709.7 
 Logged mean       2.5 2.9 3.1 
Faecal coliforms Mean       348.2 281.8 1 066.1 
 SD       1 075.7 882.1 6 570.9 
 Logged mean       2.5 2.4 3.0 
Nitrites and nitrates Mean       0.13 0.24 0.19 
 SD       0.08 0.76 0.14 
pH Mean       4.8 5.1 6.8 
 SD       1.0 1.1 0.9 
Soluble Ammonia Mean       0.16 0.15 0.11 
 SD       0.12 0.20 0.11 
Total phosphorous Mean       0.04 0.04 0.05 
 SD       0.06 0.05 0.05 
Total suspended solids Mean       6.0 10.5 7.6 
 SD       5.4 22.4 14.7 
Unionised ammonia Mean       0.0011 0.0010 0.0011 
 SD       0.0006 0.0001 0.0006 
Water temperature Mean       15.1 16.0 15.5 
 SD       2.7 3.3 3.6 
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Table G9: F/H- and p-values for water-quality variables across the 1980s, 1990s, 2000s, and upper, 
middle and lower sections of the Liesbeek and Sand Rivers.  A * indicates significant difference (p < 
0.05). A ** indicates highly significant difference (p < 0.01). 
Variable River reach/decade 
Liesbeek River Sand River 
F/H-value F/H-value 
Conductivity Upper H = 6.32 F = 2.15 
Middle H = 4.60 F = 0.483 
Lower H = 9.46** H = 14.03** 
1980s H = 72.89** - 
1990s F = 3.35* H = 228.67** 
2000s H = 140.83** H = 174.98** 
Dissolved oxygen Upper H = 5.306 F = 0.02 
Middle H = 5.10 F = 0.00046 
Lower H = 7.92* F = 5.90** 
1980s H = 90.02** - 
1990s F = 28.02** F = 0.24 
2000s F = 12.59** F = 1.45 
E. coli Upper F = 0.18 F = 0.30 
Middle F = 0.07 H = 0.44 
Lower F = 0.26 H = 0.15 
1980s - - 
1990s H = 13.57** F = 0.36 
2000s F = 0.38 H = 113.38** 
Faecal coliforms Upper F = 2.56 F = 0.53 
Middle H = 36.47** F = 0.81 
Lower H = 8.30* F = 0.62 
1980s H = 68.40** - 
1990s H = 86.53** F = 0.26 
2000s F = 0.39 H = 113.15** 
Nitrites and nitrates Upper H = 21.46** H = 10.74** 
Middle H = 34.75** H = 33.39** 
Lower H = 1.87 H = 8.09* 
1980s F = 1.09 - 
1990s H = 121.61** H = 79.26** 
2000s H = 51.97** H = 160.54** 
pH Upper H = 5.95* H = 9.78** 
Middle H = 26.06** H = 16.45** 
Lower H = 8.12* H = 29.65** 
1980s H = 21.20** - 
1990s H = 0.16 H = 196.25** 
2000s F = 0.96 H = 164.39** 
Soluble ammonia Upper F = 2.43 F = 2.38 
Middle H = 14.80** H = 1.45 
Lower H = 0.70 H = 7.48* 
1980s H = 1.01 - 
1990s H = 104.89** H = 29.39** 
2000s H = 0.50 H = 19.41** 
Total phosphorous Upper F = 4.14 F = 4.83* 
Middle H = 32.66** H = 66.46** 
Lower H = 36.58** F = 0.99 
1980s F = 5.80** - 
1990s H = 36.49** F = 0.79 
2000s F = 3.73* F = 9.66** 
Total suspended 
solids 
Upper H = 5.40 F = 0.10 
Middle H = 2.79 H = 2.92 
Lower H = 29.40** H = 30.77** 
1980s F = 3.08* - 
1990s H = 37.85** H = 8.98** 
2000s H = 27.11** F = 0.36 
  Continued overleaf 
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Table G9 continued   
Variable River reach/decade 
Liesbeek River Sand River 
F/H-value F/H-value 
Unionised ammonia 
 
Upper H = 2.11 F = 0.21 
Middle F = 5.08** H = 18.57** 
Lower H = 4.61 H = 8.31** 
1980s H = 65.82** - 
1990s F = 10.50** H = 19.62** 
2000s H = 24.83** H = 128.86** 
Water temperature Upper F = 1.66 F = 0.36 
Middle F = 0.15 F = 1.29 
Lower F = 4.91** F = 3.50* 
1980s H = 0.66 - 
1990s F = 5.93** H = 0.67 
2000s F = 0.96 H = 4.43 
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Table G10: F/H- and p-values for water quality variables for the Silvermine River.  An * indicates 
significant difference (p < 0.05). A ** indicates highly significant difference (p < 0.01). 
Variable F/H-value 
Conductivity H = 92.14** 
Dissolved oxygen F = 5.51* 
E. coli F = 619919 
Faecal coliforms F = 0.80 
Nitrites and nitrates F = 0.41 
pH F = 92.70** 
Soluble ammonia F = 1.19 
Total phosphorous F = 2.0 
Total suspended solids F = 1.08 
Unionised ammonia H = 0.94 
Water temperature H = 1.60 
 
